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Note to Our Customers 


Early in 1997, Millipore Corporation acquired Tylan General, and Span Instruments to further strengthen and expand its product and technology offer- 
ings to microelectronics customers. Tylan General was a leader in flow technologies since 1965, and started developing products for the semiconductor 
applications in 1985. Because Millipore is able to focus on the gas filtration, purification, process control and delivery needs of the microelectronics 
industry, customers can count on sales and service support from specialists who understand their applications thoroughly, 


The instrument you have just purchased is one of the finest mass flow controllers available. It includes significant advantages on the state-of-the-art as 
measured against leading competitive units. It offers increases stability and inherent linearity, tightly controlled response and maximum applications flexi- 
bility. Furthermore, it is backed by the strongest commitment fo quality, service and support in the industry. Please review the following page for the 
Millipore network listing of manufacturing, sales and service locations worldwide. 


GENERAL LIMITED WARRANTY FOR GAS PRODUCTS 


Subject to the limitations and disclaimers set forth below, MILLIPORE CORPORATION ("Millipore") warrants that for the Applicable Warranty 
Period (as defined below) following the date of shipment, the products manufactured by it shall be free from defects in-materials and workmanship when 
installed, serviced and operated in accordance with the applicable product documentation. In the event that a product failure is caused by a defect in mate- 
rials or workmanship within the Applicable Warranty Period, Millipore agrees to repair or replace, at its option, any product or part thereof that proves to 
have such a defect at no charge to the purchaser, provided that prompt written notice of any such defect is given to Millipore. Millipore's agreement to 
repair or replace any product found to be defective in materials or workmanship is the exclusive remedy provided herein; this remedy shall not be deemed 
to have failed of its essential purpose so long as Millipore is willing and able to repair or replace any such defective Millipore product or part. 


Limitations. The warranty set forth above is LIMITED and Does Not Cover: (A) products with the identification label or serial number altered 
or removed; (B) products which have been repaired by any person other than an authorized Millipore service representative; (C) products which have been 
subjected to misuse, neglect or abuse (including, without limitation, exposure to overpressure, use with excessive voltage or inappropriate power source or 
exposure to hostile operating conditions unless the product has been expressly specified by Millipore for use therein). 


In the case of Millipore products which are systems that include components manufactured by companies other than Millipore or its affiliates, the foregoing 
warranty shall apply only to those components and subassemblies manufactured by Millipore or its affiliates; the non-Millipore components and sub- 
assemblies included in such systems are covered by the warranty, if any, extended by the manufacturer thereof. Millipore hereby assigns any such war- 


ranty to the system purchaser. 


Disclaimers. MILLIPORE MAKES NO OTHER WARRANTY, EXPRESSED OR IMPLIED. THERE I$ NO WARRANTY OF MER- 
CHANTABILITY OR OF FITNESS FOR A PARTICULAR PURPOSE. The warranty provided herein and the data, specifications and descriptions of 
Millipore products appearing in Millipore's published catalogues and product literature may not be altered except by express written agreement signed by 
an officer of Millipore. Representations, oral or written, which are inconsistent with this general limited warranty or such publications are not authorized 
and if given, should not be relied upon. 


Notwithstanding the failure of any remedy provided herein, in no event shall Millipore be liable for consequential, incidental, special or any other indirect 
damages resulting from economic loss or property damage sustained by any customer from the use of Millipore products. 


Applicable Warranty Period. As used in this General Limited Warranty the term Applicable Warranty Period for 
the indicated product groups shall be as follows: 


Product Group Duration of Applicable Warranty Period 


Gas Purifiers ) 
Flow Products ) 
Pressure Products } 1 Year 
Gas Panels ) 
Scoles and Gouges ) 


Vacuum Products 2 Years 


In Line Monitors 6 Months. 


To Place an Order or 

Receive Technical Assistance 

For additional information call your 

nearest Millipore office: 

In the U.S. and Canada, call tollfree 
1-800-MILLIPORE (1-800-645-5476) 
In the U.S., Canada and Puerto Rico, 


fax orders to 


1-800-MILLIFX (1-800-645-5439) 
Find the latest catalog, data sheets and 
technical briefs at www.tmillipore.com 
E-mail: tech_service@millipore.com 


Millipore Worldwide 


AUSTRALIA 

Tel. 1 800 222 111 
or (02) 9888 8999 

Fax (02) 9878 0788 

AUSTRIA 

Tel. 01 50 22 21 237 

Fox 01 50 22 21 238 

BELGIUM 

Tel. 02 64 04 185 

Fox 02 64 68 096 

BRAZIL 

Tel. (011) 5487011 

Fax |011) 548-7923 

CHINA, PEOPLE’S 

REPUBLIC OF 


Beijing: 

Tel. (8610) 6500-8063 

Fax (8610) 65007372 

Guangzhou: 

Tel. (8620) 8755-4021 

Fax (8620) 8755-4350 

Hong Kong: 

Tel. (852) 2803-9111 

Fox (852) 2513-0313 

Shanghai: 

Tel. (8621) 53069100 

Fax (8621) 53060838 

CZECH REPUBLIC 

Tel. 02-205 138 41 
02-205 138 42 

Fax 02-205 14294 

DENMARK 

Tel. 3525 0275 

Fox 3525 0276 

FINLAND 

Tel. 09 8171 0010 

Fax 09 8171 0011 

FRANCE 

Tel. 01 30 1271 50 

Fax 01 30 12 71 84 

GERMANY 

Tel. 0816 595 110 

Fox 0816 561 399 

INDIA 

Tel. 91} 80839 46 57 

Fax (91) 80839 63 45 

IRELAND 

Tel. 01 799 7165 

Fax 01 799 7166 

ITALY 

Tel. 02 21 50 488 

Fax 02 26 41 06 79 

JAPAN 

Tel. (03) 54429711 

Fax (03) 5442-9738 

KOREA 

Tel, (822) 551-0990 

Fox (822) 5510227 


MALAYSIA 

Tel. 603-757 1322 
Fox 603-757 1711 
MEXICO 

Tel. (525) 576-9688 
Fax (525) 576-8706 
THE NETHERLANDS 
Tel. 020 65 45 226 
Fax 020 65 45 227 
NORWAY 

Tel. 22 59 5888 

Fax 22 59 5889 
POLAND 

Tel. (49) 816 595 110 
Fox (49) 816 561 399 
RUSSIA 

Tel. (49) 816 595 110 
Fox (49) 816 561 399 
SINGAPORE 

Tel. (65) 842 1822 
Fox (65) 842 4988 
SPAIN 

Tel. 091 375 33 81 
Fox 091 375 33 82 
SWEDEN 

Tel. 08 5199 2040 
Fox 08 5199 2041 
SWITZERLAND 
French-speaking: 

Tel. 022 82 30 450 
Fax 022 82 30 491 
German-speaking: 

Tel. 01 43 95 356 
Fax 01 43 95 355 
TAIWAN 

Toipei: 

Tel. (886-2) 700-1742 
Fox (886-2) 755-3267 
Hsin Chu City: 

Tel. (886-3) 571-0178 
Fax [886-3] 572-9520 


U.K. 

Tel. 0179 361 5808 
Fax 0179 361 7442 
U.S.A. AND CANADA 
Tel. 800 645 5476 

Fax 800 645 5439 
OTHER COUNTRIES 
Millipore Intertech (U.S.A.] 
Tel.+1 (781) 533-8622 
Fax +1 (781) 533-8630 


Service Center Locations 


United States 

Austin Service Center Millipore Corporation 
3017 Alvin DeVane Blvd., Suite 4230 
Austin, TX 78741 


Toll Free: 800-969-4507 

Tel: 512-385-7940 

Fax: 512-385-9129 

San Jose Service Center Millipore Corporation 
535 East Brokaw Road 

San Jose, CA 95112 

Toll Free: 800-517-6377 

Tel: 408-467-5500 


Fax: 408-467-5510 


Tempe Service Center Millipore Corporation 
3230 S. Fair Lane 


Tempe, AZ 85282 

Toll Free: — 877-296-7206 

Tel: 602-431-1787 

Fax: 602-431-0727 

JAPAN/ASIA 

Kyushu, Japan 
Tel: 81-92-501-8920 
Fax 81-92-501-8725 

Tokyo, Japan 


Те: 81-03-5442-9711 

Fox: 81-03-5442-9730 
Yonezawa, Japan 

Те: 81-45-939-7816 

Fox: 81-45-939-7817 
Gunpo City, Korea 

Те: 82-331-214-2642 

Fax: 82-331-213-7970 
Hsin Chu City, Taiwan 

Tel: 886-3-571-0178 

Fox: 886-3-572-9520 
Singapore 

Tek 65-842-1822 

Fax: 65-842-4988 


RETURNING PRODUCTS FOR SERVICE 


EUROPE 
Dresden, Germany 
Tel: 49-351-8822-645 
Fax: 49-351-8822-646 
Eching, Germany 
Tek 49-816-595-110 
Fox: 49-816-561-399 
Dublin, Ireland 
Tel: 353-1-295-9455 
fax 353-1-295-9942 
Lyon, France 


Те: 33-474-94-45-85 

Ғох: 33-474-95-57-50 
Livingston, Scotland 

Tel: 44-150-641-2970 

Fax: 44-150-641-2980 
Swindon, England 

Tel: 44-1793-615-808 

Fox: 44-1793-617-442 
Washington, England 

Те: 44-191-4192428 


Ғох: 44-191-4192429 


AUTHORIZED MILLIPORE 
SERVICE DEALER 


ProFlow 
9665 Southwest Allen Blvd., Suite #113 
Beaverton, OR 97005 


Toll Free: 888-ProFlow 
Tel: 503-643-5564 
Fax: 503-520-8834 


Millipore and Tylon are registered trademarks of Millipore 
Corporation or an affiliated company. Copyright © 1998 
Millipore Corporation, or an affiliated company. 


‘Products requiring service may be shipped to any one of our Service Centers located worldwide. A complete 


listing of Millipore Service Centers may be found on the Sales and Service Network; listed above. Repaired 
products are typically returned within 5 working days. Emergency service is also available. For more information, 


please contact the service center nearest you. 


When returning mass flow products for service, please be sure to specify the type of service required, the 
products failure mode, return shipment information, a purchase order to cover non-warronty charges and the 
name and telephone number of a person to contact if questions should arise. 


In addition, you must complete an appropriate Certificate of Non-Hazardous Containment and attach it to the 
outside of the shipping container of the product being returned. Disclosure of all chemicals exposed to the 
equipment is required by federal common carrier transportation laws. This will helps us to protect our personnel 
and environment, and also helps us to determine if special handling is required to process your repair. For 
example, California Hazardous Communication Regulation (general Industry Safety Orders Sec. 5194 Title 8, 
California Code CCR Title 22) defines the regulations that must be met for products returned to California, U.S.A 
for service. Certificates of Non-Hazardous Contamination vary from state to state, so we recommend that you 
contact your nearest service center to determine what certificates are required. They can provide you with the 
specific documents needed to comply with state and federal laws. 


Omission of the information or required Non-Hazardous Contamination form may result in a delay in 
processing your order or return of the material. This information will help us to avoid unnecessary delays in 


processing your request for service. 
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GENERAL DESCRIPTION 


Tylan General Model FC-2900 series Flow Controllers 
accurately and reliably measure and control the mass flow rate of 
gases. They have been specifically designed to allow operation 
on any gas having a known molar specific heat (pCp). 


The FC-2900 series has a user-adjustable range from 10 sccm to 
30 sim full-scale flow rate. This is accomplished in the 
flowmeter section by replacing the bypass. In the controller 
section, many changes in flow range can be accomplished by an 
external adjustment of the control valve alone. Very large range 
changes may involve resizing of the valve orifice. 


The instrument operates on +15 VDC power, provides a 0 to 5.0 
VDC indicated output signal linearly proportional to the flow 
rate, is RFI protected and is both mechanically and electrically 
interchangeable with most Tylan General mass flow controllers. 
The FC-2901/FC-2911 is equipped with a 15-pin “D” connector 
and the FC-2902/FC-2912 is equipped with a 9-pin “D” 
connector. Either can have 0-5 VDC or 4-20mA input/output 
signals. For simplicity, references in this manual are to a card 
edge style P.C. Board, +15 VDC power source and 0-5 VDC 
input/output signals. The FC-2900B/2910B operates from a +12 
VDC battery source. Other inherent design features include: 


е Balanced Power Load 

e Enhanced stability of both zero and span 

e Auto Zero Function (except FC-2900B/2910B and 
flowmeters) 

e Metal seals with ultra-high leak integrity of 1 x 10-10 
atm-cc/sec. He 
(FC-2900M/2901M/2902M/3900M/3901M/3902M) 
Fast response with minimal overshoot 
Battery Powered (FC-2900B/2910B) 

Normally closed or normaily open solenoid valve with 
both mechanical and electrical “purge” capability. 


The FC-2900 series of mass flow instruments include: 


Mass Flow Controllers 


FC-2900(O)* 10 sccm to 10 slm with card edge 
connector 

FC-2901(0)* 10 sccm to 10 slm with 15-pin “D” 
connector 

FC-2902(O)* 10 sccm to 10 slm with 9-pin "D" 
connector 

FC-2910(O)* 100 sccm to 30 slm with card edge 
connector 


ЕС-2911(0)* 100 sccm to 30 sim with 15-pin 
“р” Connector 

100 sccm to 30 slm with 9-pin ^D" 
connector 


FC-2900B(O)* 10 sccm to 10 slm, Battery Powered 


FC-2912(O)* 


*“Q” designates normally open valve option. 


FC-2910B(O)* 100 sccm to 30 slm, Battery Powered 

FC-2900M(O)* (EP)**10 sccm to 30 slm with Metal Seals 
and card edge connector 

FC-2901M(O)* (EP)**10 sccm to 30 sim with Metal Seals 
and 15-pin “D” connector 

коор (EP)**10 sccm to 30 sim with Metal Seals 
and 9-pin “D” connector. 

Mass Flowmeters 


FM-3900 10 sccm to 10 slm with card edge 
connector 

FM-3901 10 sccm to 10 sim with 15-pin “D” 
connector 

FM-3902 10 sccm to 10 slm with 9-pin “D” 
connector 

FM-3910 100 sccm to 30 sim with card edge 
connector 

FM-3911 100 sccm to 30 slm with 15-pin "D^ 
connector 

FM-3912 100 sccm to 30 slm with 9-pin “D” 
connector 

FM-3900M(EP)** 10 sccm to 30 slm with Metal Seals 

and card edge connector 


10 sccm to 30 slm with Metal Seals 
and 15-pin “D” connector 
10 sccm to 30 slm with Metal Seals 
and 9-pin “D” connector. 


FM-3901M(EP)** 
FM-3902M(EP)** 
4-20 mA input/output signals 


(available with instruments that have a 
*D" connector). 


“J” option 


NOTE: This manual describes the operation and adjustment 
procedures for flow controllers. All sections pertaining to the 
flowmetering portion of the controller also pertain to flowmeters, 
while sections pertaining to the valve do not. It should also be 
noted that the autozero function is not available on any of the 
flowmeter models. ` 


PRINCIPLE OF OPERATION 


The flow controller is a self-contained, closed-loop control 
system which measures the mass rate of gaseous flow through 
the instrument, compares this with an externally commanded 
flow rate, and adjusts the valve to control the flow to the 
commanded level. The flow controller consists of four basic 
elements which accomplish this function. 


° The flow sensor 

° Тһе bypass, ог flow-splitter, which determines the full- 
scale flow range of the measuring section 
The control valve 
The electronics which condition the flow signal and 
drive the control valve. 


**“EP” designates Electro-polished option. 
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Flow Sensor 

The flow sensor consists of two self-heated resistance 
thermometers wound around the outside diameter of a thin- 
walled capillary tube. These coils, each having a resistance of 
330 +13 ohms at 24°C, are connected in a bridge circuit and 
supplied with a regulated current. The heat generated by the 
power dissipated in the coils raises the tube temperature 
approximately 70°C above ambient. At no flow, this heat is 
symmetrically distributed along the tube. With gas flowing in 
the sensor tube, heat is carried downstream. The resulting shift 
in temperature makes the upstream sensor cooler than the 
downstream sensor. This temperature difference (and its 
corresponding electrical resistance difference) is directly 
proportional to the mass flow rate of the gas through the tube. 
The bridge output, being a direct function of the resistance 
difference, is amplified and further linearized by the electronics 
to give a 0 to 5.0 VDC indication of flow rate. Increasing the 
flow rate well above the full-scale range of the instrument will 
eventually cool the entire sensor tube and the output signal will 
reverse and asymptotically approach zero. 


INSULATION 


Р 


| 
. SENSOR COVER 


Figure 1 
Flow Sensor (Metal Sealed Instruments) 


The capillary tube is dimensioned to have minimal mass (for fast 
response) and an extremely large length-to-diameter ratio to 
ensure laminar flow over the full operating range. 


The housing which encases the sensor tube is precisely 
configured to minimize both extemal and internal natural 
convection currents from one coil to the other, thus allowing the 
instrument to be mounted in any position with no zero 
adjustment required to re-establish the original calibration. This 
patent-pending configuration minimizes the mass of the sensor 
resulting in a time constant that is one-third that of other sensors 
of similar design. Overall flow controller response can therefore 
be dynamically controlled to eliminate overshoot. 


1SLOTS 


10 SLOTS 


10 SLOTS 


WASHER 


BYPASS NUT 


LAMINAR FLOW DISC 
Figure 2 
Bypass (Exploded View) 


Bypass (Flow-splitter) 

The bypass, which is located in the primary flow path in the 
base assembly, produces a linear pressure drop versus flow 
rate between the inlet and outlet of the sensor tube, which in 
turn produces a 0 to 100% sensor flow for 0 to 100% flow of 
the instrument. In order to ensure a constant ratio between 
sensor flow and total flow (independent of pressure, 
temperature and gas properties), the bypass arrangement has 
been designed to maintain the flow well within the laminar 
region of fluid flow over the entiré range of the instrument. 


The bypass consists of a stack of slotted discs held in place by a 
bypass nut. Gas flows through the nut-and is directed 40 the 
outer diameter of the discs where it.flows radially through the 
slots and exits through the opening between the inner diame; 
of the discs and the triangular extension of the nut. 


The slots have. а sufficient length to diameter ratio to maintain 
laminar flow over the operating range of the sensor, thereby 
providing the constant and independent flow split. 


By varying the slot depth, the number of slots per disc, and the 
number of discs per assembly, the bypass can be adjusted to 
provide the required full scale pressure drop of the sensor 
coincident with the desired full scale range of the flowmeter. 
Bypass assemblies are factory-built to specific ranges with the 
discs held in place by a removable Teflon washer. Each 
assembly is packaged separately and identified by part number 
and/or range. 


Valve (Mass Flow Controllers only) 

The control valve is a normally closed or normally open solenoid 
valve which is extremely fast, easily adjusted, and has 2% or 
better shutoff capability. Except for the dynamic plunger, all £ 
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wetted metal surfaces are of type 316L stainless steel. The 
plunger is constructed of type 446 stainless steel. 


The range of the valve is determined by the size of the control 
orifice, which is screwed into the controller base. These 
precision valve seats are type 316L stainless steel and provide 
excellent control resolution by engagement with the Teflon face 
of the valve poppet. The valve seats are easily replaceable for 
cleaning and instrument range changing. 


The valve seat is designed to provide a relatively constant 
control range (stroke) over the entire flow range. Different 
ranges within the full range of a particular valve seat are 
accommodated by the amount of voltage applied to the valve. 
This arrangement provides consistent dynamic response and 
static stability with only a minimal need for electronic“ tuning.” 


An adjustment on top of the valve is provided to allow for 
setting the relative position between the valve poppet and valve 
seat following re-assembly after cleaning or seat replacement 
(see Adjustment Procedures). This adjusting nut may also be 
used to mechanically open the valve for purging purposes in the 
event of a power failure or an instrument malfunction, which 
may necessitate removing the instrument from the gas system. 


Electronics 


The electronics consist of a circuit board with a hybrid autozero 
circuit soldered in place. Surface mount technology is utilized in 
the FC-2900 series. 


Referring to the Electrical Hook-Up Diagram, JO is a card edge, 
9-pin “D” or 15-pin “D” connector that interfaces with the 
external control system. A positive 5 volt regulator supplies 
power to the Auto-Zero circuit and also provides the reference 
voltage required for the “Valve OFF” function. The negative 5 
volt regulator provides the reference for the sensor bridge 
constant current source and the linearization circuit. 


The Current Sonrce delivers a constant 12.7 milliamps to the 
sensor bridge which “floats” between the plus and minus 
supplies. This arrangement gives extremely high common-mode 
rejection and allows insensitive operation over a wide range of 
supply voltage levels. The Sensor Bridge circuit contains the 
zero and span temperature compensation networks. 


The Flowmeter Amplifier circuit amplifies the sensor output 
signal, the gain of which is adjusted by RP2 at 50% full scale 
flow rate. This circuit also incorporates a speed-up filter which 
provides for matching the sensor response to the actual flow rate 
response during a transient flow condition. The AC gain versus 
frequency is adjusted by RP3. This adjustment is fine-tuned by 
observing the output waveform in response to step changes in 
setpoint and actual flow rate. 


The Linearity circuit provides a variable gain versus input 
voltage allowing correction for any non-linearity of the sensor 
output signal. The adjustment is made by RP4 at 100% full- 
scale flow rate. 


The Auto-Zero circuit provides periodic correction of zero offset 
due to long term sensor drift, temperature and pressure 
variations, or other environmental causes. This feature ensures 
long term calibration accuracy and eliminates the need for 
periodic manual zero adjustment. The range of correction is 
limited to +2.5% of full scale to prevent erroneous correction of 
an undetectable leak or defective sensor. 


The auto-zero function is activated either by commanding <1% 
of full scale flow rate which automatically closes the control 
valve or connecting pin L to common. After 80 to 100 seconds, 
the output signal is compared with (and driven to) zero within 
2.5 seconds. This correction is maintained until the next update. 
The current or latest correction can be permanently stored in 
memory by an external command such that in the event of power 
loss, the output will return to zero when power is re-applied. 
The auto-zero functions may be inhibited either externally by 
connecting pin J to common (See Electrical Hook-Up Diagram) 
or internally, by removing jumper JP2. See Appendix C for 
more information. 


The Valve Control circuit compares the flowmeter output signal 
with the command voltage (setpoint) and varies the voltage to 
the valve to throttle the flow to the commanded level via closed 
loop control. The ramp circuit limits the rate of change of the 
setpoint allowing the sensor output to “Кеер-ир”, thus 
minimizing overshoot during step changes in commanded flow 
rate. If a slower response is desired, jumper JP1 can be removed 
to give a 10-15% per second rate of change to the desired flow 
rate. ? 


While the integral and derivative functions of the PID control 
circuit are relatively fixed, the proportional band (gain) of the 
circuit is adjusted by the ratio of R52 to R50. The values of 
these resistors are selected during dynamic response testing to 
optimize the transient response of the control loop, and vary 
depending on the range, gas, and intended operating conditions 
of the instrument. 


The control logic can be overridden externally to either open or 
close the valve in accordance with specific process requirements. 
(See Electrical Hook-Up Diagram). 


NOTE: While connecting pin D to common will partially open 
the normally closed valve and partially close the normally open 
valve, connecting pin D to +15 VDC will drive the normally 
closed valve to the full “purge” position and close the normally 
open valve. 
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The Balanced Power Load circuit has been designed to limit the 
current in the common line to a maximum of +5 milliamps. This 
limits the control error to less than 0.296 per 100 feet of 
interconnect cable between the flow controller and its 
setpoint/readout control system. This is a 20:1 improvement 
over most conventional designs. 


Cover 


The cover is made of steel and is grounded to the flow base and 
the chassis ground connection. This, in conjunction with the 
roll-off and filter capacitors in the electronics provides excellent 
EMI protection. 


INSTALLATION 


For maximum performance and service life, the instrument 
should be installed in a clean, dry atmosphere, relatively free of 
shock and vibration. Sufficient room for access to the 
electronics and plumbing should be provided to facilitate 
maintenance and removal for cleaning. Fitting caps should not 
be removed from the instrument until installation. 


Gas Connections 


Since the control valve in the instrument is not intended to 
provide positive shut-off, it is recommended that a separate shut- 
off valve be installed in series (upstream to eliminate a flow 
surge during turn-on, downstream to prevent back migration of 
contaminants into the control valve, or both). 


ELASTOMER SEALED INSTRUMENTS: Three types of 
fittings are available including ҮСЕТМ, VCOIM and 
Swagelok™, Tubing should be pre-cleaned and polished to 
eliminate particulate contamination and ensure leak-tight 
operation. After installation of the instrument and prior to its 
use, the plumbing system should be thoroughly leak-tested and 
purged. 


FC-2900M METAL SEALED: Two types of ultra-high vacuum 
fittings are available including VCR™ and tube weld. Due to 
the degree of electropolishing and ultraclean preparation, the FC- 
2900M should be installed in a prepared ultrapure gas delivery 
system. After installation of the instrument and prior to its use, 
the gas delivery system should be thoroughly leak tested and 
purged. If positive shut-off is required it is recommended that a 
pneumatic positive shut-off valve be installed in series with the 
mass flow controller. 


VCR, Swagelok and VCO are Trademarks of Crawford Fitting 
Co. 


Electrical Connections 
Refer to the appropriate electrical hookup diagram. 


POWER: Any +15 VDC power supply meeting the requirements 
as designated in the specifications may be used to energize the 
instrument. 


== 


Figure 3 
Swagelok Compression 
Gas Fitting Configuration 


Figure 4 
VCR Vacuum 
Gas Fitting Configuration 


CONTROL SIGNAL: Any 0 to 5.0 VDC command voltage 
having a source impedance of 2500 ohms or less may be used. 
The input impedance of the flow controller is 0.5 megohm 
(minimum). 4-20 mA current option is available on the FC-2901 
and FC-2911. 


OUTPUT INDICATION: Any 0 to 5.0 VDC meter with at lez 
1000 ohms/volt can be used to provide visual indication of th~ 
mass flow rate. Recorders, voltage dividers (for conversion to 
engineering units), and other instrumentation may be added, 
provided the total load impedance is no less than 2000 ohms. 
The source impedance of the flowmeter output signal is less than 
0.5 ohm. 


VALVE OFF: А TTL low signal will override the control 
signal, close the valve and trigger the autozero function. TTL 
high (or open connection) allows normal control operation. 
(Does not apply to 9-pin “D” РСВ). 


VALVE TEST (OVERRIDE): The valve voltage may be 
monitored during normal operation using a high input impedance 
DVM. Connecting this pin to common or the +15VDC supply 
will override the control signal and open the valve. (A 
maximum current of 75 milliamps is required). (For 9-pin PCB, 
see Figure 8 options “W” or “Y” for valve voltage monitoring). 
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ZENER TEST: The internal negative reference voltage (- 
5ҮРС) may be monitored for troubleshooting purposes using a 
high impedance DVM. (Does not apply to 9-pin PCB and 15- 
pin PCB). 


AUTO-ZERO INHIBIT: The auto-zero function may be 
inhibited (deactivated) by applying a TTL low signal. This pin 
may also be used as an output, as it goes high during the 2.5 
second adjustment cycle. (Card edge PCB only). 


AUTO-ZERO STORE: Momentary application of a TTL low 
signal stores the latest zero correction in memory. This is 
automatically recalled on power up. This feature is not available 
on MFMs or MFCs with a “D” connector. (Does not apply to 9- 
pin or 15-pin “D” PCB because AZ Store function is automatic). 


AUTO-ZERO TRIGGER: The auto-zero function may be 
triggered by applying a TTL low signal to pin L. This will 
override the setpoint signal and close the valve. (AZ Triggering 
is internally automatic with 9-pin “D” and 15-pin “D” PCBs.) 


NOTE: Shorting to common may be substituted for TTL low, 
and open connection substituted for TTL high. 


Autozero is removed on the FC-2900B/2910B to accommodate 
+12 VDC battery power feature. 


` Environmental Requirements 


Refer to the specifications. 


TEMPERATURE: The instrument may be operated at any 
temperature between 09С and 50°C, provided the gas and 
ambient temperatures are maintained equally. Since the 
indicated flow rate has a temperature coefficient of +0.05% рег 
°C, the user may want to calibrate the instrument at the actual 
operating temperature to maximize the measurement accuracy. 


PRESSURE: Flow controllers may be operated at any gas 
pressure up to 1135 kPa (150 psig). Since the indicated flow rate 
varies in direct proportion to specific heat (Cp), which varies 
differently with pressure and temperature depending upon the 
molecular structure of the gas, it is recommended that the 
instrument be calibrated at the actual operating pressure. 


NOTE: The pressure coefficient of +0.001% per kPa (+0. 007% 
per psi) generally applies to monatomic and diatomic gases only. 


The flow controllers, which can be pressurized to 10,500 kPa 
(1500 psig) without damage, have a maximum operating 
pressure of 1135 kPa (150 psig) and the differential pressure 
(inlet to outlet) must be maintained within the specified range. 
Lower differential pressure ranges are available on special order. 


The flow controllers may be operated into a vacuum as long as 
the inlet pressure is 105 kPa (15 psia) or greater. Lower 
differential pressure ranges are available on special order. 


Calibration 


Each instrument is factory calibrated for the specific flow range 
and gas indicated on the nameplate. Standard factory calibration 
is within +1.0% and is referenced to standard temperature and 
pressure.* The calibration for other gases can be approximated 
to +5% using the Conversion Factor Charts. Factory calibration 
utilizes the test gases shown in Appendix A, Gas Flow 
Conversion Factors. Calibration checks with other gases can 
show discrepancies of up to +5%. To obtain calibration 
accuracy of 1% after range change or for other gases, precision 
calibration equipment will be required. As detailed in the 
Adjustment and Calibration Procedures section, range changes 
can be made to within +15% by removing the inlet fitting and 
replacing the bypass. Fine tuning to the desired accuracy level 
can then be accomplished by adjusting the potentiometers on the 
printed circuit board in conjunction with a reference flow 
standard. 


*NOTE: In accordance with Semiconductor Equipment and 
Materials Institute Standard E12-91, Standard Pressure and 
Temperature are defined as 101.325 kPa (760mm Hg) and 0°C 
respectively. 


CAUTION: An elastomer sealed instrument originally 
calibrated for a non-reactive, non-corrosive gas should not be 
converted for use with a reactive or corrosive gas unless all 
the seals are replaced with the suitable compound. 
Additionally, any instrument which has been in reactive or 
corrosive gas service should be thoroughly purged and 
cleaned prior to conversion to another gas. Instruments are 
factory assembled using Viton for non-reactives, Neoprene 
for Ammonia, or Kalrez for all other reactive and corrosive 
gases unless specified otherwise. The FC-2900M is assembled 
with metal seals compatible with all gases. Refer to spare 
parts O-ring Kits. 


Mounting | 
Two 8-32 UNC tapped holes are provided for mounting. The 
instrument is essentially insensitive to mounting position. 


OPERATING INSTRUCTIONS 


Installation and Start-up 

The interconnect cable should be tested separately for continuity, 
pin-to-pin shorts, and correct pin assignments per the electrical 
hook-up diagram. Attach the mating connector to the flow 
controller and secure it to the cover with two 4-40 x 5/8 inch 
long screws. Do not over-torque. 
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After installation in the system and prior to operation, any 
reactive gas system should be thoroughly leak checked and then 
purged with dry nitrogen to eliminate the presence of air and 
moisture. If the mass flow controller is equipped with a 
normally-closed control valve, it cannot be purged unless the 
valve is commanded to open. This can be done electrically in 
two ways. With +15 volt power applied, apply either a full-scale 
(5 VDC) setpoint or apply +15VDC to the valve test point (pin 
D). 


A "cycle" purging technique is more effective in removing 
atmospheric contaminants than a simple continuous purge gas 
flow. To cycle purge, alternate the flow of purge gas with a 
pumpdown of the gas system to vacuum for several cycles. If 
vacuum is not available, reducing the pressure to 101.325 kPa 
(zero psig) for several cycles should be adequate. Cycle purging 
helps remove contaminants from small, blind cavities in the 
system which constitute a virtual leak source. A more detailed 
procedure can be found in Appendix B. 


Apply +15 VDC power and allow a 30 minute warm-up time 
before pressurizing the system with process gas. If the indicated 
output does not settle to zero to within 1% full scale (or the level 
of zero desired), re-zero the instrument (see Adjustment 
Procedures) before proceeding. Once the zero has been verified, 
pressure may be applied. After establishing that no hazardous 
condition will be created by the venting of process gas, flow 
controller operation may then be verified over the complete 
operating range. Ifthe flow output voltage is within ten 
millivolts of the setpoint, the flow controller is controlling 
properly. Check for-this condition at the highest and lowest 
flows anticipated at both the highest and lowest input-output 
pressure differentials anticipated. 


Safety Features and Precautions 


Every effort has been made in the design of the instrument to 
provide safe, trouble-free operation. Key features include reverse 
power supply polarity protection, output over-voltage and short 
circuit protection, low component temperatures, and 
conformance to intrinsic-safety design criteria. Additionally, a 
built-in “threshold” circuit ensures that the valve is commanded 
closed at zero command independent of any existing output 
offset, and the valve automatically closes in case of a power 
failure (normally closed). The normally open valve 
automatically opens with power failure. 


Two other features are provided for the operator’s convenience 
during start-up, abnormal, or fault conditions. First, the valve 
command circuit can be overridden externally to either drive the 
valve fully open or fully closed. For normally closed valve, 
connecting pin D (for card edge PCB) or pin 12 (for 15-pin “D”) 
to 0 VDC or +15 VDC will drive the valve open, while 
connecting pin L (for card edge) or pin 15 (for 15-pin PCB) to 0 


VDC will drive the valve closed. For normally open valve, the 
opposite effect occurs. 


The input to close the valve provided on pin L is active low and 
conforms to TTL Logic levels. Second, should there be a need 
to purge the system during a power failure or instrument 
malfunction prior to removing the instrument from the system 
for repair, the valve may be mechanically opened by first 
removing the instrument cover and then loosening the lock nut 
and turning the adjusting nut on top of the valve one turn 
maximum counterclockwise. Re-adjustment of the valve after 
purging or repair is described in the Adjustment Procedures. 


WARNING: PROPER LEAK CHECK EQUIPMENT AND 
SYSTEM PLUMBING MUST BE AVAILABLE TO LEAK 
CHECK THE CONTROLLER AFTER ANY MECHANICAL 
ADJUSTMENT HAS BEEN PERFORMED ON THE VALVE. 


The following precautions should be taken to prevent damage, 
minimize safety hazards, and maximize performance. 

1. Use  pre-cleaned tubing, free of particulate 
contamination. Ultraclean tubing is recommended for 
use with the FC-2900M. 

2. Thoroughly leak test the entire system prior to operation 
(recommended level for elastomer seals is 1х10-? atm 
cc/sec of helium or less, 1х10-10 with metal seals). 

3. Use only clean, moisture-free (dry) gases. 

4. Purge only with dry nitrogen (or other inert gas) before 
and after breaking into-the system. Connecting pin D 
(for card edge PCB) or pin 12 ( for 15-pin “D” PCB) to 
0 VDC ог +15VDC will readily allow for this by 
driving the valve open. (opposite for normally open 
valve). 

5. DO NOT purge reactive gas systems with inert вазе 
between runs unless it is required by the process. Even 
“dry” gases contain some amount of moisture which 
will result in contamination build-up. 


WARNING: NEVER INSERT OR UNPLUG THE 
CONNECTING CABLE OR THE CONTROL VALVE LEADS 
WITH POWER ON IF THERE IS A POSSIBILITY THAT 
THE AMBIENT ATMOSPHERE MIGHT BE EXPLOSIVE. 


6. ALWAYS command no flow or ground pin L (for card 
edge PCB) or pin 15 (for 15-Pin “D” PCB) when the 
gas supply is shut off. The command signal should be 
interlocked with a series shutoff valve (as shown in 
Figure 7) to prevent unnecessary over-heating of the 
control valve during shutoff, and excessive flow surges 
after turn-on. 

7. Avoid installation of the instrument in close proximity 
to high sources of RF noise and/or mechanical 
vibration. If this is unavoidable, proven methods 
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instrumentation filtering, cable shielding, and/or shock 
mounting should be utilized. 

8. See Caution Note on page 5 before converting any 
elastomer sealed instrument for operation on a gas other 
than what it was originally calibrated for or previously 
used on. 


Operating Modes 


In general, the instruments may be operated at any pressure and 
temperature that falls within the limits stated in the specification. 
Optimum performance, however, can be achieved and will 
prevail if the operating pressure and temperature are pre- 
determined and controlled to a narrow range. Calibrating and 
‘fine tuning” the instruments at the actual operating pressure, 
temperature and flow rates can significantly improve the 
performance characteristics. 


The instruments are factory calibrated at an ambient temperature 
of 23°C (43°C) and the inlet pressure set to the midpoint of the 
operating pressure range and corrected to standard conditions. 
Flow controllers are adjusted to pass full rated flow at the 
minimum inlet pressure, with 101.325 kPa (0 psig) outlet 
pressure and shut down to less than 2% of full scale at the 
maximum inlet pressure. Response time is verified at both 
extremes. 


If the control valve is normally closed, it is not necessary to 
provide an external time-delayed “soft-start” signal provided the 
command signal is maintained at zero during the “off” mode and 
is then applied to the instrument at the same time (or after) 
pressure is applied. Alternately, “Valve Off" pin connected 
momentarily to common prior to applying gas pressure also 
prevents excessive flow transients at turn-on. A slower ramp 
change may also be selected for vacuum systems which have 
small volumes and large flow rates or in other applications where 
a slower ramped change in flow rate is desirable. 


Flow controllers may be operated at inlet pressures of up to 1135 
kPa (150 psig), provided the differential pressure is maintained 
within the 175 kPa to 380 kPa (10 to 40 psig) range and the 
outlet pressure of the flow controller is regulated to a relatively 
constant level. Flow controllers can withstand pressure surges of 
up to 10,500 kPa (1500 psig) without damage, but are not 
designed to operate in a controlling mode above 1135 kPa (150 
psig) inlet pressure. 


Routine and Preventative Maintenance 


It is recommended that a routine maintenance schedule be 
established on each instrument in order to maximize its useful 
service life. This would include, as a minimum, cleaning and 
recalibration. It is recommended that calibration be done at least 
once a year. The optimum (or necessary) service period is 
dependent on usage, environmental conditions, gas 


corrosiveness, etc., and must be established by the user based 
upon historical experience in that particular application. 

The recommended steps for routine and preventative 
maintenance are as follows: 

1. Purge the instrument with dry nitrogen fora minimum 
of 30 minutes prior to removal from the system (See 
Appendix B for detailed purge procedure). 

2. Verify the calibration of the flow metering section by 
comparison with a suitable reference standard or 
calibrator. 

3. Operate the instrument in the control mode over its 
entire operating range (2 to 100% full scale) at the 
minimum and maximum inlet pressures of 175 kPa and 
380 kPa (10 and 40 psig). Check response, stability and 
control resolution. 

4. Remove the inlet and outlet fittings of elastomer sealed 
instruments and visually examine for signs of 
contamination. Examine the seals for any evidence of 
cracking, hardening, swelling ог contaminant 
accumulation. Do not attempt to disassemble the FC- 
2900M unless replacement seals are available. 

5. Based upon the results of steps 1 through 4 above, 
either reinstall in the system (followed by a nitrogen 
purge) or proceed to the applicable Cleaning, 
Adjustment and/or Calibration Procedure described in 
this manual. 


MAINTENANCE, ADJUSTMENT AND 
RANGE CHANGE 


NOTE: The following instructions and procedures are intended 
for a laboratory bench top environment. Proper equipment and 
precautions should be used for any other system or environment. 


Cleaning (Elastomer Sealed Instruments) 

Should the instrument show symptoms of internal flow path 
contamination, it should be disassembled and cleaned. 
Elastomer seals on the fittings, sensor and valve should be 
examined for hardening, swelling, inflexibility, and/or 
contamination accumulation and should be replaced if any of 
these symptoms prevail relative to new and unused seals. The 
recommended sequence of solvents used for cleaning (either for 
flushing the assembled instrument or for soaking individual 
components in an ultrasonic cleaner) is as follows. 


For instruments used with all non-reactive, non-corrosive gases: 
a. Distilled water (2 to 3 minutes) 
b. Alcohol (2 to 3 minutes) 
c. Blow dry with dry nitrogen or air. 


For instruments used with all highly reactive and corrosive 
gases: 
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a. А solution of 2% HF, 8% HNO3, and 90% de-ionized 
H,O (3 to 5 minutes) 

b. Distilled water (2 to 3 minutes) 

c. Alcohol (2 to 3 minutes) 

d. Blow dry with dry nitrogen or air. 


Individual flow-path elements should be cleaned as follows: 


Fittings 
Remove the fittings from the base and clean individually. 


Sensor 

Remove the P.C. Board from the assembly, then remove the two 
screws which secure the sensor assembly to the base. Run a .18 
mm (.007 inch) diameter wire (stainless steel or piano) through 
the full length of the sensor tube 3 or 4 times. Replace the 
sensor on the base, torque to 15 ш-№., flush with solvent during 
the Bypass Cleaning Procedure as described below. 


Bypass 

(See Figure 2, Bypass-Exploded View) 

If it is desired to change the range of a flow meter or controller 
beyond the electronics adjustment capabilities, it will be 
necessary to replace the bypass assembly to produce the nominal 
output of 5 +0.6VDC at full scale flow. In addition, the valve 
may have to be adjusted and/or the orifice replaced. 


The bypass is a preadjusted assembly located in the base, which 
can be removed and reinstalled with the use of a bypass torque 
wrench (see Mass Flow Maintenance Kits) or a screwdriver. 


To remove the bypass, hold the flow controller in a vertical 
position (inlet down) and carefully remove the assembly. Since 
the discs are loose on the nut, be careful not to lose or damage 
them. The nut and discs should be cleaned in an ultrasonic 
cleaner and reassembled in the same order as originally installed 
(slots upstream, facing the shoulder of the nut). 


New bypass assemblies may be installed with or without the 
Teflon retaining washer. Reinstall the bypass and torque to 25 
in-Ib. 


NOTE: Installing the nut without the discs provides a means for 
thorough solvent flushing of the flow sensor. After purging with 
dry nitrogen, remove the nut and reinstall the discs. 


After replacement or removal for cleaning of the bypass 
assembly, the flowmeter section should be recalibrated per the 
procedures outlined in the Calibration section, since a 
calibration shift of as much as 10% may occur during this 
operation depending on the level of contamination. 


Valve (See Figure 5) 
For minor contamination, the valve can be cleaned in place by 


mechanically opening the valve, flushing with solvent, purging 
with dry nitrogen and then resetting the valve during test as 
described in the Valve Adjustment Procedure. To mechanically 
open the valve, loosen the lock nut and turn the adjusting nut on 
top of the valve 2 to 3 tums counter-clockwise with a 5/16 inch 
open-end box wrench. 


For severe contamination, the valve assembly and valve seat can 
be removed from the base and cleaned separately.This is done as 
follows: 


1. Unplug the valve from the P.C. Board. 


CAUTION! Always make sure power is off before 
disconnecting or reconnecting the valve to the P.C. Board. 


Remove (or loosen) the P.C. Board from the base 
assembly if necessary to provide clearance for the 
removal of the valve assembly. 

2. Remove the two screws which secure the valve flange 

to the base and pull the valve assembly out completely. 

If further disassembly is necessary (due to the level of 

contamination), remove the plunger assembly (plunger, 

poppet, and spring) by holding the inner sleeve 
assembly at the top of the retaining nut with a 5/16 inch 
ring-wrench and removing the valve retaining nut with 

a % inch open-end wrench. 

4. Thoroughly clean the plunger assembly and the inside 
of the inner sleeve assembly. Examine the poppet 
sealing surface and the valve O-ring and replace if 
necessary. 
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NOTE: Be sure to re-lubricate the O-ring with Halocarbon 
grease for Viton O-rings or Krytox grease for Kalrez O- 
rings prior to re-instailation into the base. 


5. Reinstall the plunger assembly making certain that the 
spider spring locates concentrically in the counter-bore 
of the inner sleeve assembly. Tighten the retaining nut 
with a torque of 20 in-Ib. and verify that the spring is 
positively held in place with no axial or rotational 
movement. 

6. Remove the orifice from the base and clean separately. 
Be careful not to nick or damage sealing surface. 
Replace o-ring if required and re-grease before re- 
installing. 

7. Replace the valve assembly by inserting it straight 
down into the base. Locate the valve coil leads towards 
the P.C. Board to provide maximum clearance for the 
valve adjustment wrench. Secure the valve in place by 
alternate tightening of the valve flange screws with 20 
inch-pounds of torque. 

8. Adjust the valve during test as described in the Valve 
Adjustment Procedure. 
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After cleaning or replacement of the sensor, bypass or valve 
assemblies, the instrument must be adjusted and recalibrated 
against a suitable reference standard or calibrator to re-establish 
the original calibration and performance characteristics. 


Cleaning (Metal Sealed Instruments) 

Should the instrument show symptoms of internal flow path 
contamination, it may be disassembled and cleaned. 
Contamination of the ultraclean surface may cause irreparable 
damage depending on the severity of contamination. Metal seals 
should be replaced once the factory seal is broken. Before 
reassembling, inspect metal sealing surfaces carefully for nicks. 
Use of damaged metal seals will likely result in excess leakage 
after re-assembly. 

Disassembly of the FC-2900M is accomplished as follows: 


1. Remove the two screws which secure the cover to the 
base using a Phillips screwdriver. 
2. Unplug the valve from the P.C. Board. 


CAUTION: Always make sure power is off before 
disconnecting or reconnecting the valve to the P.C. 
Board. 


3. Using an Allen wrench, remove the four screws which 
secure the valve to the base and pull the valve assembly 
out completely. Discard the nickel seal. у 

4. If further disassembly of the valve is necessary (due to 
the level of contamination) remove the plunger 
assembly by removing the square headed retaining nut 
from the inner sleeve. 

5. Remove the orifice from the base and retain. Discard 

the Teflon seal and replace with a new seal when 

reassembling. 

Remove standoffs which support the cover. 

7. Remove the P.C. Board from the assembly and, using 
an Allen wrench, remove the four screws which secure 
the sensor assembly to the base. Discard the Teflon 
centering rings and nickel seals. 

8. Using an Allen wrench, remove four screws which 
secure the inlet fitting and outlet fitting end plates to the 
base. Discard the nickel seals. 

9. Toremove the bypass, hold the flow controller in a 
vertical position (inlet down) and carefully remove the 
assembly. Since the discs are loose on the nut, be 
careful not to lose or damage them. Note the order of 
the installed discs for re-assembly. 

Cleaning of all gas wetted parts is accomplished as follows: 


e 


1. Rum a heated ultrasonic cleaner with D.I. water for a 
minimum of 5 minutes. Hand clean each part with 
clean room approved wipes. Reclean using fresh D.I. 
water. 


NOTE: Do not submerge electronics, sensor or valve coil. Use 
of harsh solvents, chemicals or HF will likely cause 
irreparable damage to surface finishes. 


2. Dry parts in a vacuum oven for 30 minutes. Maintain 
and observe clean room practices during the cleaning 
process in preparation for re-assembly. 

Clean the sensor by running a .18 mm (.007 inch) 
diameter wire (stainless steel or piano) through the full 
length of the sensor tube 3 or 4 times. If possible, force 
DI water through the sensor then dry with ultra-pure 
nitrogen. 
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Re-assembly should be done in a Class 10 clean room 
environment which includes use of tools and fixtures. 


1. Inspect all surfaces under high power magnification for 
surface degradation and replace suspect parts. 


NOTE: Carefully inspect all new nickel seal surfaces for nicks 
before installing. 


2. Install outlet fitting plate using a new nickel seal. Note 
the orientation of the fitting. Torque Allen screws using 
a cross pattern to 25 in-Ib. 


NOTE: Hand tighten Allen screws before torquing to be certain 
that each component is properly seated. Torque in 5 
in-lb. increments until required torque is achieved. 


3. The nut and discs should be reassembled in the same 
order as originally installed (slots upstream, facing the 
shoulder of the nut). Reinstall the bypass and torque to 
15 in-lb. using the bypass adapter on the torque wrench. 

4. Install the inlet fitting plate using a new nickel seal. 
Note the orientation of the fitting. Torque Allen screws 
using a cross pattern to 25 in-Ib. 

5. Install sensor using new nickel seals. Torque Allen 
screws to 15 in-lb. Reinstall the P.C. Board to the 
sensor with the screw and spacer. 

6. Install the orifice into the base with a new Teflon seal. 
Torque to 25 in-Ib. 

7. install the valve using a new nickel seal. Torque the 
Allen screws to 20 in-lb. using a cross pattern to 
tighten. It will also be necessary to readjust the valve 
(refer to the Valve Adjustment Procedure). 

8. Secure cover support standoffs to the base. 

9. Leak check to 1 x 10:19 atm cc/sec Helium. 

10. Install the cover following recalibration. 


After cleaning or replacement of the sensor, bypass or valve 
assemblies, the instrument must be adjusted and recalibrated 
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against a suitable reference standard or calibrator to re-establish 
the original calibration and performance characteristics. 


Adjustment and Calibration Procedures 


In order to maintain the original factory calibration and 
performance characteristics of the instrument, the following 
adjustments may be necessary during routine maintenance and 
servicing and will definitely be required after disassembly for 
cleaning and/or parts replacement. 


Calibration - Indicated Versus Actual Flow 

Each controller is factory calibrated for the specific flow and 
gases indicated on the nameplate. Standard factory calibration is 
“йтіп +1.0%. Тһе calibration for other gases can be 
upproximated to +5% by using the conversion factors shown in 
Appendix A. 


Factory adjustments should not be altered unless precision gas 
flow measuring equipment is available for calibration. 
Rotameters do not have sufficient accuracy for flow 
measurement calibration unless they have been specifically 
calibrated and the proper corrections are made for temperature 
and pressure. For access to the electronics, remove the two 
cover screws and carefully lift the cover from the assembly. If 
electrical adjustments are made with the cover removed and the 
PC board exposed, be very careful not to break wires or create 
short circuits while the instrument is open. 
Recalibration may be accomplished as follows: (Refer to 
Figures 7 through 12). 

1. Thoroughly flush and dry the instrument to remove 
contaminants (see Cleaning Procedures). 

2. Connect a source of gas to the inlet and a suitable flow 
standard to the outlet. If a volumetric calibrator is used, 
be sure to apply the proper density corrections to 
maintain the mass flow calibration. 

3. Connect the power and indicator wires (see Figure 7 
Electrical Hook-up Diagram) and allow a 30 minute 
warm-up period. 

4. Either mechanically open the valve by turning the 
adjusting nut on top of the valve 2 to 3 turns counter- 
clockwise, or electrically drive the valve open by 
connecting pin D to pin 4 (+15 VDC). This will 
override the control loop, allowing flowmeter operation. 
Command >10% flow to deactivate autozero during 
calibration. 

5. Remove the outlet gas line and cap off the instrument to 
assure zero flow through the sensor. Adjust ZERO 
potentiometer RPl to make the indicator read zero 
(45mV). 

6. Reconnect the outlet gas line and adjust the flow to 50% 
full-scale value. Set the output to read 2.50 VDC 
(-5шУ) at 50% full-scale flow rate using the GAIN 
potentiometer RP2. 


7. Recheck zero as described in step 5. 

8. Linearity adjustments are not normally required. After 
achieving calibration at zero and 50% maximum flow, 
the full scale calibration may be checked by setting the 
flow to full-scale. If the indicator does not read 5.00 
10.025 VDC, adjust the output to 5.00 VDC using the 
LINEARITY potentiometer RP4. Although this 
adjustment is essentially independent, steps 5 and 6 
should be repeated until all three points are within the 
desired calibration. 

9. The flowmeter section of the fiow controllers can be 
calibrated with the instrument operating in the 
controller mode and using the setpoint control to dial in 
the desired flow rate. Adjustments should be made as 
in steps 5 through 8. When adjusting the gain and 
linearity potentiometers, the actual flow will change 
rather than the output voltage since the controller acts to 
control the output voltage to the commanded setpoint 
voltage. 

10. If the instrument cannot be brought into calibration 
within the adjustment range of RP2 or RP4, the 
flowmeter amplifier gain and/or bypass will have to be 
adjusted. This procedure is described in the Range 
Change section of this manual. 

11. When using a test gas other than the intended usage gas, 
a correction factor equaling the ratio of the conversion 
factors of the two gases must be applied. See Appendix 
A, Gas Flow Conversion Factors, for further 
explanation. 


Valve Adjustment (Mass Flow Controllers only) 


WARNING: PROPER LEAK CHECK EQUIPMENT AND 
SYSTEM PLUMBING MUST BE AVAILABLE TO LEAK 
CHECK THE CONTROLLER AFTER ANY MECHANICAL 
ADJUSTMENT HAS BEEN PERFORMED ON THE VALVE. 


Valve adjustment is accomplished through the following 
procedure: 

L. Plumb the inlet of the instrument to a regulated supply 
of the appropriate gas. Connect a reference flowmeter 
in series, or monitor the flow as measured by the flow 
metering section of the instrument itself. 

2. Remove the cover to permit access to the valve 
assembly. Plug the valve into the P.C. Board prior to 
applying power to the instrument. Starting with the 
valve mechanically open and the input command signal 
at zero, slowly apply inlet pressure to the controller to 
380 kPa (40 psig). Mechanically close the valve by 
SLOWLY turning the adjusting nut clockwise until the 
flow is reduced to less than 2% of full scale. Cycle the 
valve from 0% to 100% then from 100% to 0% full 
scale to ensure consistent valve closure of less than 2% 
of full scale. 


11 


Wan General 


CAUTION: The control valve is not designed for positive 
shut-off. Do not attempt to adjust closure to less 
than 1% as the poppet may be damaged. 


Set the inlet pressure to the minimum, 175 kPa (10 
psig) for up to 5 SLM full scale, and 210 kPa (15 psig) 
for 10 to 30 SLM full scale, and command 100% flow 
rate. Verify full-scale output. 

4. While monitoring the voltage applied to the valve (pin 
“D” to pin “F” for card edge PCB or pin 12 to pin 6 for 
15-pin “D” PCB), mechanically “fine-tune” the valve 
adjustment to achieve as close to the optimal 13 VDC 
control voltage as possible. Repeat this process until the 
valve controls from <2% to 100% full scale at both 
extremes of pressure. 

5. After the valve is properly adjusted and tuned 
dynamically (see below), tighten the lock nut on the top 
of the valve with 10 to 20 inch-pounds of torque. This 
will lock the adjusted position in place. 

6. Leak check the controller. 


о» 


Dynamic Response Adjustment 


Each flow controller is dynamically adjusted prior to shipment 
using a flow measuring device, in series, which is at least 5 times 
faster than the instrument under test (for experimental details, 
refer to SEMI Standard E17-91). This verifies that the tuned 
indicated response is indicative of the actual flow response and 
does not mask or filter-out overshoot or oscillatory flow 
conditions. It is recommended that the adjustments not be 
altered unless suitable equipment is available to adequately 
display the transient results. If it is found necessary to readjust 
the response characteristics following cleaning, re-assembly, 
valve adjustment, or range change, the following steps may serve 
as a guideline. 


l. Start with the previously set adjustment, or altérnately 
center potentiometer RP3 and set R50 to 200K. 


NOTE: A resistance decade box is useful for finding the 
optimum value of R50. 


2. Supply the instrument with the intended usage gas or a 
suitable substitute gas at the intended operating 
conditions including inlet pressure. 

3. Generate step changes of the setpoint signal. For 
example, 50% to 100% and vice versa, and watch the 
output signal using a storage oscilloscope or a fast chart 
recorder. 

4. Adjust RP3 to produce as near a square wave as 
possible. If a fast actual flow measuring device is used 
in series to view actual response, adjust RP3 to match 
the indicated response to the actual response. 

5. Once RP3 has been optimized, reduce R50 to minimize 

the overshoot without causing oscillations ог 
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instability. R52 may also be varied if necessary to 
achieve optimal results. A high ratio of R52/R50 will 
provide the fastest response and minimal overshoot, 
but is more inclined to result in oscillation and 
instability. R50 should be minimized to prevent long 
delays at low setpoints. 

6. Once the response has been optimized, the response 
characteristics should be checked at various step 
changes in setpoint over the expected operating 
pressure range. It is advisable that the value of R50 
be increased by 50% as a last step to preclude the 
possibility of instability developing after installation. 


Bypass Adjustment 


Since the bypass is pre-assembled to a specific range, it is 
such, non-adjustable. Minor adjustments can be made, however, 
by removing or adding discs to bring the calibration within range 
of the adjustment potentiometers. (Removing discs reduces the 
range proportionately, while adding discs increases the range). 
Bypass adjustment is not recommended by anyone other than a 
qualified service technician who has been factory trained in the 
serviceability of the instrument. 


Range Change 


Changing the range of the instrument is neither recommended 
nor warranted by anyone other than Tylan General authorized 
Service Centers or Maintenance Depots. The following 
information is provided only as a service to the OEM or user to 
assist them in an emergency situation. To change the range of 
the instrument it will be necessary to replace and readjust one or 
all of the following elements: 


Valve:Five valve seats with different orifice sizes are available to 
accommodate full scale ranges of 10 sccm through 30 slm. Sd 
Table 11 for the flow ranges of each orifice. All five orifices are 
available in the Tylan General Spare Parts Kit. 


When changing ranges, the valve seat may have to be changed 
accordingly. This can be accomplished by removing the valve 
assembly and replacing the valve seat as described in the 
Cleaning section. Readjustment of the valve is recommended 
(апа in-most cases is necessary) for optimal performance 
following any range change of 2:1 or more. Refer to the Valve 
Adjustment Procedure previously described. 


Bypass: 

Remove the bypass assembly as described in the Cleaning 
section and replace with an assembly which has been pre- 
assembled to the desired range. If the range is too high to bring 
within the range of the gain pot (RP2), either remove discs or 
decrease R21 (1.8K: minimum). If the range is too low to bring 
the calibration within the adjustment range of RP2, increase R2) 
(3.0K: maximum). Recalibrate рег the Calibration Procedur. 
previously described. 


le 
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Electronics: The following components need to be adjusted or 
re-selected during the calibration procedure or dynamic response 
optimization previously described: 


Potentiometer ЕРІ Zero Adjust 

Potentiometer RP2 Gain Adjust 

Potentiometer RP4 Linearity Adjust 

Potentiometer RP3 “DYN” Response Adjust 

Resistor R50 and/or R52 Proportional Band Adjust 
NOTE: Complete recalibration and dynamic response 


adjustment will also be required any time the sensor assembly or 
P.C. Board assemblies are replaced. 


TROUBLESHOOTING PROCEDURES 


Initial Test 

1. Check setup and procedure against connection 
instructions given in the Installation section. 
Permanent damage to the instrument may result if 
purging procedures are not followed, or if line power is 
accidentally applied to the signal leads. 

2. Test line cord for compliance with pin assignments and 
continuity from all wires to correct pins (see Figure 7 
Electrical Hook-up Diagram). Use a hipot tester to 
check for pin-to-pin shorts; during the test, flex the 
cable coming out of the connector to find intermittent 
shorts. 

Check insulation resistance from pin 2 to base. It 

should exceed 50 megohms at 50 VDC. Pin 1 to case 

should measure less than 1 ohm. 

4. Connect a source of gas (same as that for which the 
instrument is calibrated or equivalent test gas) to the 
inlet fitting. Apply power and allow a 30 min. warm-up 
period. With the appropriate inlet pressure applied, the 
output signal of the controller should follow the 
command setting (1.е., 50% of full scale at 2.50 VDC 
commanded voltage). Actual flow (as measured by a 
suitable flow standard in series with the controller) 
should follow the command setting and agree with the 
indicated flow of the controller. If the instrument is 
malfunctioning or cannot be recalibrated as previously 
described in the Adjustment and Calibration Procedure, 
check the appropriate symptom in the Troubleshooting 
Chart. 
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Tylan General has maintenance kits available which contain 
custom-designed tools that simplify the maintenance and repair 
of all Tylan General's mass flow equipment. 


Table 1. FC-2900 Series Mass Flow Instrument 
Maintenance Kit, Part No. 908605-001 


Description Part Number 


Torque wrench, 10-inch-Ib.(PC bd stndoff) ..651780-001 
Torque wrench, 15-inch-Ib.(sensor) .............. 200241-017 
Torque wrench, 25-inch-lb.(bypass).............. 651780-002 
Adapter, torque wrench (bypass) ...907328-001 


Adapter, torque wrench (bypass)................... 907328-002 
Adapter, torque wrench (valve, sensor)......... 906278-001 
Adapter, orifice (1/4") ................................... 906284-001 


Adapter, use with orifice ... 200065-001 
Pot adjustment tool ............ 651784-001 
Extended board.............................................. 3780-280-0 
Wire, тапфге]..................- sess 3505-122-0001A 


TOG! Kit Болло 200557-001 


Tablc 2. FC-2900 Series Additional Tools 


Description Part Number 
Screwdriver, 1/8" Phillips.............................. 200551-001 


Wrench, open-end, 5/16" x 1⁄2°........... ....200552-006 
Wrench, open-end, 7/16" x 3/8”......... ...200552-007 
Wrench, open-end, 11/16” x 13/16”.............-200552-001 
Wrench, open-end, 7/8" x 7A” ......................... 200552-005 
Wrench, adjustable, 1”................................... 200553-001 


Diagonal cutter ....200554-001 
Pliers, needie-nose......................................... 200555-001 
Х-асіб knife аа л ыыы rci ett eerte eet NO-1 


Alcohol Dispenser 

Ultrasonic Cleaner 

Plastic Beakers (for use with cleaning 
solution) 

25-10M Halocarbon Grease 


Soldering Equipment (for S.I.T. resistors) 
Suitable Power Supply and Readout with 
Interconnect Cable (Tylan General RO-28 
recommended) 

Tweezers 

Artist's brush #4 

Krytox Grease 
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Table 4. General Troubleshooting 


> dime A 22227 2 аад 


No output Faulty meter | Read output at pins 3 and 2 directly with alternate meter. | 
See Valve section. Measure valve DC resistance 
(should be 410 +200). If coil is open, replace 
coil or entire valve assembly. 


Electronic Failure See Electronics section. 


No input power Check for line power between appropriate pins 
at mating connector. 


Faulty power supply Check input/output voltages (+15 VDC, +5.00 VDC) 


Maximum signal (approx. 200% 
of full scale): 


Check valve voltage as measured across valve wires. 
Valve should close when voltage decreases below 4.00 
VDC. Higher voltage indicates lack of closing command 
or electronic failure; repair or replace electronics. 


Faulty power supply Check input/output voltages (+15 VDC, +5 .00 VDC) 
or command signal 


Open resistance element on Replace sensor. 
sensor 


Electronics failure See Electronics section. 


a. Indication correct, flow is 


high 


Valve failed open 


b. Indication erroneous 


Table 


5. Electronics Troubleshooting 


General Failure or Power supply voltage off of Check £15 VDC. Check P.C. Board interconnect J2. 
miscalculation nominal 


Flow indication saturated (-0.7 Check sensor resistances, these should be 330 +132 
or +12.0 VDC) regardless of green to red and green to brown with power off. Voltage 
flow across BRN to RED should be 8.0 to 10.0 VDC and pin 6 
to circuit common should be -5.0+0.3 VDC. 


Check zero pot, gain pot, other components and solder 
joints. 
Valve drive open or driven off Valve drive transistor Q3 open Check Q2, Q3, and other components; replace as 
909002-001. 
All circuits functional, but out of | Contamination, or as a result of 
= ыы Ай ae 


Controls, but output voltage Mismatched resistors Check that R34=R37 and R35-R36 (40.1%) 


does not agree with control input 
Large input voltage offset in Check U1. Replace as necessary, or replace 
Op-amp(Ul of 909002-001) P.C. Board 909002-001. 


voltage 
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Table 6. Valve Troubleshooting 


SYMPTOM POSSIBLE CAUSE REMEDY 


Valve fails to close 
Mechanical damage from Adjust or replace valve. 

Operation on wrong gas(e.g., Test on proper gas or mechanically readjust valve. 

unit adjusted for argon may not 
shut off completely on 
hydrogen) 
Valve failed open (normally 
open only) 


Refer to General Troubleshooting Table on the previous 
page. Use the same remedy as the “Valve failed open” 
under Possible Cause. 


Contamination See Cleaning Procedures 


or pot shorted for Electronic failure. 


Improper adjustment or See Adjustment Procedures. 
inadequate drive 


Erratic pressure regulator Replace regulator. 


Improper system dynamics due Reduce upstream pressure regulator setting. 

to excessive inlet pressure 
Improper dynamics in Check for failed resistor or capacitor. See Dynamic 
electronics Response Adjustment Procedure. 


CAUTION: Always command zero flow when the gas supply is shut off. Failure to do so will result in excessive flow 


transients after the gas supply is turned “on” (See Electrical Hook-up Diagram.) 


a 


Valve fails to open 


Valve controls at flow rates, but 
not at minimum 


Valve Oscillates or hunts 


NOTE 1: Pin L may be connected to common prior to turning on the gas supply to achieve "soft start” performance. ` 
NOTE 2: A threshold circuit in the controller ensures zero valve voltage whenever the commanded signal falls below 1.0% 
NOTE 3: It is not recommended that a failed electronic component be replaced, as component failures are usually caused by 


another problem in the device or in the system. It is recommended instead, that the flow controller be returned to 
the factory or other authorized Service Center for failure analysis and repair. 


Sensor Replacement 


If it is determined that either of the sensor elements is open or 
shorted to case, it will be necessary to replace the sensor 
assembly. This can be done by unsoldering the three sensor 
leads from the P.C. Board and removing the three screws 2 
which attach the sensor assembly to the base and the Р.С. Solenoid Valve Replacement 

Board. The sensor assembly can then be removed and If it is determined that the coil of the solenoid valve is open, 
replaced. Before installing the new sensor element, resistance shorted to case or outside the DC resistance range of 390 to 


Isolation zazxse so аенын на ааай >100 megohms 
(All leads to sensor housing) 


should be checked and measured as follows: 420 ohms, the valve assembly will need to be replaced. 
Simply remove the locknut and valve housing to gain access to 

Upstream... donde ане RU=330+13 ohms at 24°C the coil The valve must by readjusted following the coil 

(Brown to Green) replacement. 

Downstream... RD=330413 ohms at 24°C 

(Red to Green) 
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Specifications 


PERFORMANCE 
Full Scale N2 equiv: 


Turndown Ratio 
Accuracy 

Repeatability 

Linearity 

Step Response Time (0 - 
100%) 

Settling Time 


OPERATING 
Maximum Operating Pressure 
Proof Pressure 
Differential Pressure: 

10 scem to 9 sim 

10 to 30 slm 

(Lower differential 
pressures 

available, consult factory) 
Pressure Coefficient 
Temperature Range 
Temperature Coefficient 

(Zero and Span) 
Warm-up Time 
Attitude Sensitivity 

(Without Autozero) 


ENVIRONMENTAL 
Pressure 
Humidity 


ELECTRICAL 
Power Supply Sensitivity 
Power Consumption 
Common Current 
Output Impedance 
Supply Voltage 
Input/Output Signal 
Supply Current 
Input Impedance 
Minimum Load Impedance 
Input/Output Signal (Optional) 
Supply Current 
Input Impedance 
Maximum Load Impedance 
Connection Type: 
Card Edge: 
15-pin “Р”: 
9-pin “D”: 
Autozero: 
Delay Time 
Correction Time 
Resolution 
Range 


MECHANICAL 
Valve (> { million cycles) 
Materials 


Leak Integrity 
Valve Through-Leak 


Fittings 


Dimensions 
Surface Finish 
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Table 7. FC-2900 Series Mass Flow Controllers Specifications 


FC-2900,2901,2902 = 
10 scem to 10 slm 

ЕС-2910,2911,2912 = 
100 вест to 30 sim 

50:1 

1.0% 

+0.2% 

+0.5% 

500 ms (typical) 


< 1.5 seconds 


1150 kPa (150 psig) 
10,500 kPa (1500 psig) 


70 to 280 kPa (10 to 40 psid) 
105 to 280 kPa (15 to 40 psid) 


0.001% / kPa (0.007% / psi) 
0 - 50°C 
+0.05%/°С 


30 minutes 
< 0.25% @ 90* attitude 


> 100 Torr (2 psia) 
0-95% rel. humidity, 
non-condensing 


<0.01%/volt 

3.3 watts ( +15 VDC 
+5тА тах. 

0.25 ohms 

£12 VDC to +18 VDC 
0 to 5 VDC 


500K ohms (min.) 
2000 ohms 


+130mA (150mA @ + I8VDC) 
250 ohms 
250 ohms 


FC-2900/FC-2910 
ЕС-2901/ЕС-2911 
ЕС-2902/ЕС-2912 


80 +20 sec. 

< 2.5 sec. 

0.1% full scale 
+2.5% full scale 


N.C. & N.O. Solenoid 


316 L ss, 446 ss, Viton М, 


Kaltez M 


1 x 10-9 atm-ce/sec. He 
<2% full scale for N.C. 


, ог Neoprene М 


1/4", 3/8" Swagelok!M 


1/4", 3/8" VCRTM 
See Outline Diagram 


ЕС-2900(О),ЕС-2901(О),ЕС-2902(О) 
ЕС-2910(О),ЕС-2911(О),ЕС-2912(О) 


£110mA(125mA max. @ +18 VDC) 


4-20 mA (FC-290 1/291 112902/2912) 


<2% full scale for N.O. 10 SCCM to 9.99 SLM 
<5% full scale for N.O. 10 to 30 SLM 


FC-2900M(O), 
ЕС-2901М(О),ЕС-2902М(О) 


10 scem to 30 slm 


FC-2900B(O) 
FC-2910B(O) 
FC-2900B = 10 scem to 10 slm 
FC-2910B = 100 sccm to 30 slm 


50:1 50:1 

+1.0% 21.0% 

10.2% 20.2% 

20.596 20.594 

500 ms (typical) 500 ms (typical) 


< 1.5 seconds < 1.5 seconds 


1150 kPa (150 psig) 
10,500 kPa (1500 psig) 


1150 kPa (150 psig) 
10,500 kPa (1500 psig) 


70 to 280 kPa (10 to 40 psid) 
105 to 280 kPa (15 to 40 psid) 


70 to 280 kPa (10 to 40 psid) 
105 to 280 kPa (15 to 40 psid) 


0.001% / kPa (0.007% / psi) 
0-50°C 
+0.05%/°C 


0.001% / kPa (0.007% / psi) 
0- 50 °C 
+0.05%/°С 


30 minutes 
< 0.25% (0) 90? attitude 


30 minutes 
< 0.25% @ 90° attitude 


> 100 Torr (2 psia) 
0-95% rel humidity, 


non-condensing 


> 100 Torr (2 psia) 
0-95% rel. humidity, 
non-condensing 


<0.01%/volt <0.01%/volt 

3.3 watts @ +15 VDC 1.8 watts @ £12 VDC 

+5тА max. +10mA max. 

0.25 ohms 0.25 ohms 

£12 VDC to +18 VDC +11 VDC to £15 VDC 

0 to 5 VDC 0105 VDC 

£1 10mA(125mA max. (à +18 VDC) +75тА(95тА max. @ #15 VDC) 
500K ohms (min.) 500K ohms (min.) 

2000 ohms 2000 ohms 


4-20 mA (FC-2901M/2902M only) Not available 
4130mA (150mA @ + I8VDC) 
250 ohms 


250 ohms 


ЕС-2900М 
ЕС-2901М 
FC-2902M 


FC-2900B/FC-2910B 
Not available 
Not available 


80 +20 sec. 
«2.5 sec 

0.196 full scale 
+2.5% full scale 


Not applicable 
Not applicable 
Not applicable 
Not applicable 


N.C. & N.O. Solenoid 
316 Lss, 446 ss, 321 ss, Nickel 200 


N.C. & N.O. Solenoid 


316 L ss, 446 ss, Viton! M 


Kalrez IM, or Neoprene М 


1х 10-9 atm-ce/sec. Не 

« 2% full scale for N.C. 

<2% full scale for N.O. 10 SCCM to 9.99 SLM 
<5% full scale for N.O. 10 to 30 SLM 


1х 10-10 atm сс/ѕес, He 

< 2% full scale for N.C. 

<2% full scale for N.O. 10 SCCM to 9.99 SLM 
<5% full scale for N.O. 10 to 30 SLM 


14" VCRTM, 174" Butt Weld 1/4", 3/8" Swagelok TM 
1⁄4", 3/8" VCRTM 
See Outline Diagram See Outline Diagram 


Non-EP = 0.5 um (20 pinch) Ra 
EP = 0.25 um (10 pinch) Ra 
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Specifications 
PERFORMANCE 


Full Scale N2 equivalent 


Accuracy 

Repeatability 

Linearity 

Step Response Time (0 - 100%) 
Settling Time 


OPERATING 

Maximum Operating Pressure 

Proof Pressure 

Differential Pressure 

Pressure Coefficient 

Temperature Range 

Temperature Coefficient 
(ero and Span) 

Warm-up Time 

Attitude Sensitivity 


ENVIRONMENTAL 
Pressure 
Humidity 


ELECTRICAL 
Power Supply Sensitivity 
Power Consumption 
Common Current 
Output Impedance 
Supply Voltage | 
Output Signal 
Supply Current 
Input Impedance 
Minimum Load Impedance 
Output Signal (optional) 
Supply Current 
{nput Impedance 
Maximum Load Impedance 
Connection Type: 
Card Edge 
15-pin "D^ 
9-pin "D" 
Autozero: 


MECHANICAL 
Materials 


Leak Integrity 
Fittings 
Weight 
Dimensions 
Surface Finish 


Table 8. Mass Flowmeters Specifications 


+1.0% 

+0.2% 

+0.5% 

1 second (typical) 
< 1.5 seconds 


1150 kPa (150 psig) 

10,500 kPa (1500 psig) 

35 kPa (5 psid max.) 
0.001% / kPa (0.007% / psi) 
0-50'C 

+0.05%/°С 


30 minutes 
< 0.25% @ 90° attitude 


> 100 Топ (2 psia) 
0-95% rel. humidity, non-condensing 


< 0.01%/volt 

1.2 watts @ +15 VDC 

+5mA max. 

0.25 ohms 

+12 VDC to +18 VDC 

0 to 5 VDC 

+35mA(40mA max. © +18 МОС) 
500K ohms (min.) 

2000 ohms 


4-20 mA (FM-3901/3902/391 1/3912 only) 


+55mA (65mA @ + 18VDC) 
Not applicable 
250 ohms 


FM-3900/FM-3910 
FM-3901/FM-3911 
FM-3902/FM-3912 
Not available 


316 L ss, 446 ss, Viton™, 
Kalrez™, or Neoprene™ 
1x 103 atm-ce/sec Не 


1/4" , 3/8" Swagelok™, 1/4", 3/8" VCR™ 


0.9 kg (2 Ibs.) 
See Outline Diagram 


VCR & Swagelok are Trademarks of Crawford Fitting Co. 
Viton, Neoprene and Kalrez are Trademarks of Е.1. Dupont de Nemours Co. 
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FM-3900, FM-3902, FM-3910, 
FM-3901, FM-3911, FM-3912 FM-3900M, FM-3901M, FM-3902M : 


10 scem to 10 slm (FM-3900, 3901, 3902) 
100 sccm to 30 sim (ЕМ-3910, 3911, 3912) 


10 sccm to 30 sim 


+1.0% 
+0.2% 
+0.5% 
1 second (typical) 
< 1.5 seconds 


1150 kPa (150 psig) 
10,500 kPa (1500 psig) 

35 kPa (5 psid max.) 
0.001% / kPa (0.007% / psi) 
0 - 50°C 
£0.05%/°C 


30 minutes 
< 0.25% @ 90? attitude 


> 100 Torr (2 psia) 
0-95% rel. humidity, non-condensing 


< 0.01%/volt 
1.2 watts @ +15 VDC 

+5mA max. 

0.25 ohms 

+12 VDC to +18 VDC 

0105 МОС 

£35mA(40mA max. @ +18 МОС) 

500K ohms (min.) 

2000 ohms 

4-20 mA (ЕМ-3901М & FM-3902M only) 
+55mA (65тА © + 18VDC) 

Not applicable 

250 ohms 


FM-3900M 
FM-3901M 
FM-3902M 
Not available 


316 L ss, 446 ss, 321 ss, Nickel 200 


1 x 10? atm cc/sec Не 
1/4" VCR"*, 1/4" Butt weld 

0.9 kg (2 Ibs.) 

See Outline Diagram 

Non-EP = 0.5 um (20 pinch) Ra 
ЕР = 0.25 um (10 pinch) Ка 
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AZSTORE(1) 0---- 


AZ INHIBIT (1) 5 ——— à 1 
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VALVETEST |, 
(OVERRIDE) 
ZENER TEST 
PLCSovpo) 29 
INHIBIT (1) 
VALVE TIL HIGH = CONTROL MODE о 
OFF М FTL LOW = CLOSED (AUTOZERO TRIGGER) и 
D 
CHASSIS ACTIVE (1) 
о---------- 
GROUND 
+15 VDC 
supply 9 
TE 


COMMON O 
CONTROL 
Ш = 


CARD EDGE 
15-PIN "D" (2) 


-15 VDC 
SUPPLY еж Y PURGE 
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0-5 VDC 
OUTPUT 
SIGNAL (2) 
0506 ` 
COMMAND 
SIGNAL @) 
+ 
*5VDC REF 
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15 9 
оооооо 


pO OR E MD 


N.C. SERIES 
SHUT-OFF 
VALVE 


FLOW > 


Notes: (1) Autozero circuit is not available on FC-2900B/FC-2910B and flowmeters. 
AZ Store is internally automatic on ЕС-2901/ЕС-2911/ЕС-2901М. 
(2) The following “-J option" is optional by request on МЕС or FMs with 15-pin or 9-pin “D” 
connectors. 
Pin 7 is 4 to 20 mA Input (MFCs only). 
Pin 4 is 4 to 20 mA Output. 


Figure 7 
Electrical Hook-Up Diagram 
FC-2900 Series (Except FC-2902/2902M/2912) 
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VALVE POSITION 
OR COMMON (3) 


VALVE 
OVERID! 


k. u u. 
E e 


N/C 


(SPARE) 


| 

| 

+15 VOC Жэн | | 
SUPPLY | | 
| 

| 


COMMON 


-15 VDC 
SUPPLY 


UT 
SIGNAL (2) _ 


0-5 VOC 
COMMAND 
SIGNAL (2) 


+ о---о 

SOLENOID а eg 
SUPPLY 0—0 
VOLTAGE | 


9-PIN *07 (2) 


N.C. SERIES 
SHUT-OFF 
VALVE 


(1) AZ Store is internally automatic. 

(2 The following “-J option" is available by request: 
Pin 6 is 4 to 20 mA Input (MFCs only). 
Pin 2 is 4 to 20 mA Output. 

(3) For valve voltage “W” option, the valve voltage is -15 to +15 VDC. 
For valve voltage “Y” option, the valve voltage is 0 to +7 VDC. 
For valve voltage “T’ option, Pin 8 is Signal Common. 


Figure 8 
Electrical Hook-Up Diagram 
FC-2902, FC-2912, FC-2902M 
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Figure 9 
Functional Diagram 
FC-2900 Series (Except FC-2902, FC-2902M, FC-2912) 
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Figure 10 
Functional Diagram 
FC-2902, FC-2912, FC-2902M 
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POTENTIOMETER т] | 5.І.Т. RESISTORS 
ADJUSTMENTS N | | | | | Р 
= 2 


HYBRID AUTOZERO 
CIRCUIT 


1111 г | N Бэ ший -®* Сы, 
8 рз єв ин әз JUMPERS 
=> 3 в 7 | il 
[C | E ТА > | R4 | || 
3 (e) 87 RS R6 CH С2 9089 R! 


Note: Use part #908844-001 (has Hybrid Autozero Circuit) for ЕС-2900(О), FC-2910(O), FC-2900M(O). 
Use part #908950-001 (does not have Hybrid Autozero Circuit) for FC-2900B(O), FC-2910B(O) and 


Flowmeters. 


Figure 11 
P. C. Board Layout 
908854-001 (Card Edge Connector) 
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5.1.Т. RESISTORS 


Мића њи 
HYBRID AUTOZERO 

| CIRCUIT | 
| "~ | 
| шан 
| &| | 

Т c—— 

= = =s 
е > | аа | 
5 | 
= та | 


POTENTIOMETER 
ADJUSTMENTS 


JUMPERS 


Note: Use part #908854-001 (has Hybrid Autozero Circuit) for FC-2901(O), FC-2911(O), FC-2901M(O). 
Use part #908960-001 (does not have Hybrid Autozero Circuit) for FM-3901, FM-3911, and 
FM-3901M. 


Figure 12 
P. C. Board Layout 
908854-001 (15-Pin “D” Connector) 
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Figure 13 
P. C. Board Layout 


909330-001 (9-Pin 


“D” Connector) 
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SERIES 
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Figure 14 
Outline Diagram 
FC-2900 Series (Elastomer Sealed) 
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Figure 15 
Outline Diagram 
FC-2900M Series (Metal Sealed) 


27 


$ 2/20 General 1 


РСВ ASSY. 
VALVE 


CONNECTION . 
LOCK NUT 
SENSOR VALVE 
CONNECTION ASSEMBLY 
4 EL | O-RING 
| | VALVE 
> %3 РОРРЕТ 
"Y Ж%Ұ 
й ' 2 ORIFICE 
i LI! A S А Р 
| ава 
1 mi SS И 
[| | N- || 
BYPASS ASSY. i 


O-RING 


FLOW BASE 


Figure 16 
Cross Sectional View 
FC-2900 Series (Elastomer Sealed) 
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Figure 17 
Cross Sectional View 
FC-2900M Series (Metal Sealed) 
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Table 9. - Parts List (Elastomer Sealed Instruments) 


Cover (FC-2900(0), 2910(0), (ЕМ-3900, 3910) 908459-001 
Cover (FC-2901(0), 2911(0)), (ЕМ-3901, 3911) 908459-003 
Cover (ЕС-2902(0), 2912(0), (FM-3902, 3912) 909377-001 
Assembly, Circuit Board (FC-2900, 2910), (FM-3900, 3910) 908844-001 
Assembly, Circuit Board FC-29000, FC-29100 909547-001 
Assembly, Circuit Board (FC-2901, 2911), (FM-3901, 3911) 908854-001 
Assembly, Circuit Board (FC-2902, 2912), (FM 3902, 3912) 909364-001 
Assembly, Circuit Board (FC-2901(0), 2911(0)) 909547-002 
Assembly, Circuit Board (ЕС-2902(О), 2912(0)) 909547-003 
Bypass Assembly (ЕС-2900(О), 2901(О), 2902(0), (ЕМ-3900, 3901, 3902) 3505-114-XXX 
Bypass Assembly [FC-2910(O), 2911(О), 2912(0)], (FM-3910, 3911, 3912) 3518-210-XXX 


Fittings, Outlet (1 per assy) 

FC-2900(0),2901(O), 2902(О) FC-2910(0),2911(O), 2912(О) 
FM-3900, 3901, 3902 FM-3910, 3911, 3912 

1/8-inch Swagelok (316 SS) 55-200-1-65Т М/А 

1/4-inch Swagelok (3 16 SS) 55-400-1-65Т SS-400-1-6ST 

1/4-inch VCR (316 SS) 909769-001 909769-001 

1/4-inch VCO (316 SS) 909943-001 909943-001 

3/8-inch Swagelok (316 SS) N/A 55-600-1-65Т 

3/8-inch VCR (316 SS) N/A 9085 18-001 


Fittings, Inlet (1 per assy) 
1/8-inch Swagelok (316 SS) 55-200-1-65Т N/A 
1/4-inch Swagelok (316 SS) 55-400-1-65Т 908468-002. 
1/4-inch VCR (316 SS) 909769-001 908468-006 
1/4-inch VCO (316 SS) 909943-001 908468-004 
3/8-inch Swagelok (316 SS) N/A 908468-003 
3/8-inch VCR (316 SS) N/A 908468-007 
O-rings, Fittings (1 per fitting) Viton Neoprene Kalrez 
FC-2900 (Inlet/Outlet) 200472-015 200475-015 200471-015 
FC-2900/2910 VCO face seals 200472-016 200475-016 200471-016 
FC-2910 (Inlet) 200472-004 200475-004 200471-004 
FC-2910 (Outlet) 200472-015 200475-015 200471-015 
Viton Neoprene Kalrez 
Sensor Assembly 902343-008 902343-010 902343-012 
Seals only (2 required) 908030-001 908030-002 908030-005 


Mass Flow Controller Only 


Viton Neoprene Kalrez 
Orifice O-Ring only 200472-002 200475-002 200471-002 
Valve Assembly (normally closed with seal), 
10-1000 SCCM 904149-023 904149-025 904149-024 
1001-9999 SCCM 904149-011 904149-015 904149-013 
10-30 SLM 904149-020 904149-022 904149-021 
(normally open with seal)) 
10-1000 SCCM 904149-031 904149-033 904149-032 
1001-9999 SCCM 904149-034 904149-036 904149-035 
10-30 SLM 904149-037 904149-039 904149-038 
Seal only (1 required) 200472-003 200475-003 200471-003 
Part Number 
Valve Orifice Kit (contains all 5 orifices) 90549 1-001 
10 sccm - 99 sccm 904006-006 
100 sccm - 499 scem 904006-001 
0.5 sim - 2.9 sim 904006-002 
3 sim - 9.9 sim 904006-005 
10 slm - 30 sim 904006-007 
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Table 9 (Continued) 


O-Ring Kit (Contains all O-rings except sensor) 
FC-2900(0), ЕС-290 ҚО), FC-2902(0), FM-3900, FM3901, FM3902 


Reactive VCR or Swagelok 909548-001 
Reactive VCO 909548-004 
Non-Reactive VCR or Swagelok 909548-002 
Non-Reactive VCO 909548-005 
NH3 VCR or Swagelok 909548-003 
NH3 VCO 909548-006 
FC-2910(0), ЕС-2911(О), FC-2912(0), FM03910, FM 3911, FM-3912 
Reactive VCR or Swagelok 909548-007 
Reactive VCO 909548-010 
Non-Reactive VCR or Swagelok 909548-008 
Non-Reactive VCO 909548-011 
NH3 VCR or Swagelok 909548-009 


NH3 VCO 909548-012 


Table 10. - Parts List (Metal Sealed Instruments) 
Part Number 


DESCRIPTION 


Cover (FC-2900M(O), FM-3900M) 908459-001 
Cover (FC-2901M(O), FM-3901M) 908459-003 
Cover (FC-2902M(O), FM-3902M) 908459-003 with adapter plate 909417-002 
Assembly, Circuit Board (FC-2900M, FM-3900M) 908844-001 
Assembly, Circuit Board (FC-2900MO) 909547-001 
Assembly, Circuit Board (FC-2901M, FM-3901M) 908854-001 
Assembly, Circuit Board (FC-2901MO) 909547-002 
Assembly; Circuit Board (FC-2902M, FM-3902M) 909364-001 
Assembly, Circuit Board (FC-2902MO) 909547-003 
Bypass Assembly (non EP) 3518-210-XXX 
Bypass Assembly (electropolished) 908805-XXX 
Fittings, Inlet/Outlet (2 per assembly required) 
1/4-inch VCR (non E.P.) 908864-001 
3/8-inch VCR (non E.P.) 908947-001 
1/4-inch Weld tube (non E.P.) 908806-003 
1/4-inch VCR (E.P.) 908864-002 
3/8-inch VCR (E.P.) 908947-002 
1/4-inch Weld tube (EP.) 908806-002 


Metal seals, fittings (2 required) 908928-004 


Sensor Assembly 908858-001 
Metal seals only (2 required) 908928-006 


Mass Flow Controller Only 


Valve Assembly 


Normally Closed 
10499 SCCM 908778-004 
500-9999 SCCM 908778-001 
10-30 SLM ` 908778-003 
(Normally Open) 
10-499 SCCM 908778-008 
500-9999 SCCM 908778-005 
10-30 SLM 908778-007 
Metal seal 908928-005 
Valve Orifices (including teflon seal) 
10 sccm - 99 sccm 908812-001 
100 sccm - 499 sccm 908812-002 
0.5 sim - 2.9 sim 908812-003 
3 sim - 9.9 sim 908812-004 


10 sim - 30 sim 908812-006 


200635-002 


Teflon seal only 
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APPENDIX A 


MASS FLOW CONVERSION 
FACTORS 


Gas Conversion Factors Equations (PS-10641) 
Gas Conversion Factor Table (PS-1064T) 
(relative to nitrogen №) and test gas) 


d 
Ц 
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$ Tylan General 


PROCEDURE 


ADD FORMULA IN SIMPLIFIED FORM FOR MFG PRODUCTION | 16433 
ADD EQUATION FOR FLOW LIMITER OPTION 8/27/96 16064 | BG | 


REVISED CONVERSION TABLES & EQUATIONS PER E.O. (SEE 
HISTORY FILE) Е 
BCI3 С.Е. FOR №2 WAS .408 15.430, 
BCI3 C.F. FOR TEST GAS WAS .815 IS .88 


GAS CONVERSION FACTOR EQUATIONS 279/96 T5031 
(SHT 4 6 5) CHG CALIBRATION TEST GAS FOR CF, WAS CH, 
IS CF, CHG CONV FACTOR REL TO TEST GAS FOR CF, WAS .874 | 08/11/95 | 14612 
IS 1.000 AND TO N, FOR CF, WAS .420 IS .428 
REVISED С2Ғ6 CONVERSION FACTOR RELATIVE TO SF6 
(WAS.911 IS .942), ADDED NOTE “**DERIVED EMPIRICALLY”, | 04/05/94 | 13684 
ELIMINATE USE OF FREON GASES/UPDATE TABLES, 
02/01/94 | 13602 


BG 
KDM 
(SHT 5) CHG DYNAMIC RESPONSE TEST GAS FOR HCI FROM Ar 04/17/95 14068 KDM 
TO N20 
KDM 
ADDED EQUATION 11, SEE E.O. 
KDM 
12/20/93 12212 


WATER VAPOR C.F. WAS .815 IS .88 
REVISED PER E.O. 
REVISED SHT'S 5 & 7 PER E.O. 
EXTENSIVE CHANGES, SEE HISTORY FILE 
C | REVISED & RETYPED [11707784 | 5403 | ЕВ | 
REVISED FORMAT 
A [INITIAL RELEASE | . 3 09/22/83 | 3126 | PRB | 


DESCRIPTION | DATE | DCR/EO | INITL 


1.0 PURPOSE 


DOCUMENT TITLE: 
GAS CONVERSION FACTOR EQUATIONS 


ORIGINATOR 
MICHAEL RAYCRAFT PS-10641 


NOTICE OF PROPRIETARY PROPERTY 
THE INFORMATION CONTAINED HEREIN IS THE PROPERTY OF TYLAN GENERAL, INC. THE POSSESSOR AGREES TO MAINTAIN THIS 
INFORMATION IN CONFIDENCE, NOT TO REPRODUCE, COPY, REVEAL OR PUBLISH IT IN WHOLE OR IN PART. 


© 1995, COPYRIGHT BY TYLAN GENERAL, INC. 
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PROCEDURE | 


v 


THIS DOCUMENT IS INTENDED TO HELP SELECT A CONVERSION FACTOR RELATIVE | 
TO THE TEST GAS THAT CLOSELY MATCHES THE SAMPLE GAS. | 


EXAMPLE: 
CONVERSION FACTOR 
SAMPLE GAS TEST GAS RELATING TO TEST GAS 
AMMONIA (NH3) NITROUS OXIDE (N20) a зет 
C.F. = 0.719 C.F. = 0.709 .719/.709 = 101.4% 


ONCE A TEST GAS CONVERSION FACTOR IS SELECTED (101.4%), DIVIDE THE 
DESIRED RATE OF FLOW BY THAT PERCENTAGE TO OBTAIN THE ADJUSTED FLOW 
RATE FOR THE STANDARD UNIT (UNIT CALIBRATED FOR THE TEST GAS). 


DECENT 
2.0 EXAMPLES 


EXAMPLE 1: (USING C.F. RELATIVE TO TEST GAS) 
REQUIRED CALB: 1000 SCCM BROMINE (BR2) (c.f. = 0.808) 


A) USING N2 STANDARD AND N2 TEST GAS (C.F. = 100) 


0.808 . 0.808 FOR 1000 SCCM BR2 NEED —1000 - 1238 N2 
mi 0.808 
1238 _ 4. 13V OR 
USE А 1500 SCCM STANDARD, Vo OF ЗТАМОАВЮ = X 5V = 085 56 P.S. 


B) USING N20 STANDARD AND N20 TEST GAS (C.F. = 0.709) 


0.808 _ 4 140 FOR 1000 SCCM BR2 NEED — 1900 = 877 w20 


0.709 1.140 


USE А 1000 SCCM STANDARD, Vo OF STANDARD. — —X 5V = 


DOCUMENT NUMBER PS-1064I REVISION P 
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| EXAMPLE 2: 
REQUIRED CALB: 1000 SCCM 10% ARGON 90% CO2 
(C.F. RELATIVE TO N2 = .777) SEE PAGE 7 EXAMPLE 


A) USING N2O STANDARD AND N2O TEST GAS (C.F. = 0.709) 


0.777 1000 


0.777 . 1.096 FOR 1000 SCCM 10% Ar 90% co2 NEED 2999 = 912.4 N20 
0.709 1.096 
USE A 1000 SCCM STANDARD Vo OF STANDARD — 5V = 


91.2% FULL SCALE TEST STANDARD 
91.2%/2 = 45.6% LINEARITY TEST STANDARD 


1 SLPM 10% ARGON 90% CO2 1 SLPM N20 

@ 
100% (F.S.) = 109.6% 91.2% 
LINEARITY = 50% 45.6% 


B) ALTERNATIVE METHOD USING N20 STD & TEST GAS (C.F. = 0.709) 


0.777 


— 1.096 X 100$(F.S.) = 109.6% 
0.709 


1.096 X 50$(LIN) = 54.8% 


1 SLPM 10$ ARGCN 90$ CO2 1 SLPM N20 
@ 

100% (F.S.) = 100% 100% 

50% (LIN) = 54.8% 50% 


NOTE: ASSUMING ACTUAL FLOW OF TEST STANDARD PER CALIBRATION STICKER 
IS 100% 8 F.S. AND 50$ @ LINEARITY. 
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3.0 DETERMINING MASS FLOW CONVERSION FACTORS 


ПИ General 


PROCEDURE 


THE RATIO OF A FLOW W, FOR A PARTICULAR GAS, TO THE FLOW W: OF A 
DIFFERENT GAS WHICH WILL PRODUCE THE SAME OUTPUT VOLTAGE IN A FLOW 
METER OR CONTROLLER IS EQUAL TO THE RATIO OF THEIR RESPECTIVE 
CORRECTION FACTORS. THIS RELATIONSHIP IS SHOWN IN EQUATION 1 BELOW: 


Si = W (EQUATION 1) 
C2 W2 


EQUATION 2 SHOWS THE RELATIONSHIP BETWEEN THE PROPERTIES OF A GAS AND 
ITS RATE OF FLOW IN STANDARD CUBIC CENTIMETERS PER MINUTE FOR EQUAL 
OUTPUT VOLTAGES: 


jie 223 (EQUATION 2) 


PCP 


Cp IS THE SPECIFIC HEAT IN CAL/g-C IS p IS THE DENSITY OF THE GAS AT 
OC IN g/LITER, AND N IS A CORRECTION FACTOR FOR THE MOLECULAR 
STRUCTURE OF THE GAS. THE VALUES OF N ARE LISTED IN TABLE 1. FORA 
PARTICULAR FLOW METER OR CONTROLLER, K IS A CONSTANT. 


SUBSTITUTING EQUATION 2 INTO EQUATION 1 YIELDS THE FOLLOWING 
RELATIONSHIP: 


КМ; 
_ Сы. Ср (EQUATION 3) 
C2 КМ: 
02Ср: 


IF WE DEFINE BOTH THE CONVERSION FACTOR AND THE CORRECTION FACTOR N, 
FOR THE GAS NITROGEN TO BE 1.000, EQUATION 3 CAN BE REDUCED TO THE 
FOLLOWING: 


с = (PN2Cpw2) № (EQUATION 4) 
Ю1Срї 
DOCUMENT NUMBER PS-1064I REVISION P 
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PROCEDURE 


BY DROPPING THE SUBSCRIPT 2 AND REPLACING pN2 AND CpN;, THE DENSITY 
AND SPECIFIC HEAT RESPECTIVELY OF NITROGEN, WITH THE ACTUAL VALUES, E 
HAVE AN EQUATION FOR CALCULATING THE FLOW CONVERSION FACTORS: 


с = 23108 ұу (EQUATION 5) 


pop 


DOCUMENT PS-1064T LISTS THE CONVERSION FACTORS FOR COMMONLY USED GASES 
AS DERIVED FROM EQUATION 5. 


SUBSTITUTING THE FLOW RANGE AND CONVERSION FACTOR OF THE FACTORY- 
CALIBRATED GAS AND THE CONVERSION FACTOR OF A DIFFERENT GAS INTO 
EQUATION 1 YIELDS THE FLOW RANGE FOR THE DIFFERENT GAS. EXAMPLE: 


A FLOW METER IS CALIBRATED FOR H2 AND THE FLOW RATE IS 5000 SCCM FOR 
5.00 VDC OUTPUT. THE FLOW RATE FOR NITROUS OXIDE AT 5.00 VDC OUTPUT 
LS: 


1.01 _ 5000 
2709 W 
w = 709 X 5000 _ 3510 SCCM 
1.01 


DOCUMENT PS-1064T LISTS THE CONVERSION FACTORS FOR INSERT, LIMITER FOR 
COMMONLY USED GASES. 


WHEN CALCULATING THE CONVERSION FACTOR FOR FLOW LIMITER OPTION 
COLUMN, THE FOLLOWING EQUATION SHOULD BE USED: 


FLOW.o145 045 PSIG = 4 SIM x АР 
Peas 
EXAMPLE: 
2 
FLOW QoRIFICE = FLOW @ 0145 x Е 
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WHEN CALCULATING THE CONVERSION FACTOR FOR A MIXTURE OF TWO OR MORE 
GASES, THE FOLLOWING EQUATIONS SHOULD BE USED: 


THE EQUIVALENT DENSITY IS GIVEN BY THE RELATIONSHIP: 


Wi : W2 Ма 
2 о ар а EQUATION 6 
p w ^ + и, At + W. A (EQ ) 
WHERE: 
Wi IS THE FLOW OF GAS #1 N, IS THE MOLECULAR C.F. OF GAS #1 
W2 IS THE FLOW OF GAS #2 № IS THE MOLECULAR С.Е. OF GAS #2 
W. IS THE FLOW OF GAS £n № IS THE MOLECULAR С.Е. OF GAS Яп 


Wr IS THE TOTAL FLOW 


fi IS THE DENSITY OF GAS 41 
p» IS THE DENSITY OF GAS #2 
fn IS THE DENSITY OF GAS #n 


CP, IS THE SPECIFIC HEAT GAS #1 
CP; IS THE SPECIFIC HEAT GAS #2 
CP, IS THE SPECIFIC HEAT GAS #n 
THE EQUIVALENT SPECIFIC HEAT IS GIVEN BY EQUATION: 


Ср = ЕјСр + E;Cpo +. . . . + ЁүСрд (EQUATION 7) 
WHERE: 
Fl = Мц, F2 = №02 +. . . .Fn = Waa (EQUATION 8) 
Итр Итр Итр 


THE EQUIVALENT VALUE OF М IS: 


_ Wi W> W. 
N =——N1 + BP. deo | f === N EQUATION 
Wr Wr Wr 15 a 


FOR GAS MIXTURES, THE VALUES p, Cp, AND N FROM EQUATIONS 6, 7, & 9 ARE 
USED IN EQUATION 5. 
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COMBINING NUMBERS 5 THROUGH 9 RESULTS IN THE FOLLOWING EQUATION: 


Wi W2 Wa 
Nl + No +... .+ 
гаа 1 тн Ne = м.) 
С = (EQUATION 10) 
w—pCpi + g, PCP2 +- * A. PaCPa 
Wi yi 4282 N, + а yn) 
Wr T Vv 
OR C= (EQUATION 11) 
W y Nay W2 y Ма DEB Ae ш 
Wr Cr Wr Cr Wr C4 
EXAMPLE: 10$ ARGON 90$ CO2 
LET ARGON BE GAS #1 & CO2 GAS #2 
10 90 
1.01 2 x 0.94 
23106: (б-н 100“ ) 
С.Е = ------------------------------------------------- 
10 90 
(091.782 x .1245) + ( 7100 x 1.964 x .2017) 
„3106 (0.101 + 0.846 ) — .3106 (0.947) 0.2941382 
0.022186 + 0.356525 0.378711 0.378711 
C.F. = 0.777 RELATIVE TO N2 
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MIX GAS CONVERSION FACTOR to N2 Equivalent 


v 


The following equation represents the calculation necessary to determine the 
Conversion Factor to М» equivalent where 


Constant- 0.3106 

MF, = Molecular Factor of Gas 1 
DEN, = Density of Gas 1 

SH, = Specific Heat @ 25? C of Gas 1 


.3106 x ( ( 5 of GAS, х МЕ) %(% of GAS, х МЕ) + ($ of GAS, x МЕз) 
($ of GAS, x DEN, x SH,)+(% of GAS, х РЕМ; x SH;)t($ of GAS, х DEN; x SH3) 


NOTE:M 

1.) The percentage of Gases must add up to 100 $ . When using formula $ is 
Stated in decimals. e.g. 15 $ - 0.15 

2.) If there are more than three gases, insert additional data of GAS,. 

3.) If there are less than three, do not put any data in for three. 


Instructions: 


1.) FIND MF for each GAS from Table 1 of PS-1064 ( PS 1064 T might have 
factor installed later) | 


Monotomic Gases (gases with only one molecule) e.g. AR, НЕ, NE etc. = 1.01 
Diatomic Gases (Gases with two molecules ) e.g. CO, No, О;, NO etc. = 1.00 
Triatomic Gases (Gases with three molecules) e.g. СО», №0, 50; etc. = 0.94 
Polyatomic Gases ( gases with four or more molecules) e.g. NH3, PH3, CH, 
etc. -0.88 


2.) FIND DEN for each GAS from PS-1064T column headed "DENSITY" 
3.) FIND SH for each GAS from PS-1064T column headed "Specific Heat @ 25° C 
4.) Use formula above: 


Step 1.) Multiply $ of Gas times MF for each gas 
Step 2.) Add the results for each MF Gas 
Step 3.) Multiply that result by the Constant 0.3106 


Step 4.) Multiply the % of Gas times it’s DENSITY times it's SPECIFIC HEAT for 
each gas. 

Step 5.) Add those results together 

Step 6.) Divide the result from Step 3 by the result from Step 5. 
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FLOW LIMITER SELECTION INSTRUCTIONS 
for use with PS-1064T Limiter Options 


The flow limiter option table in PS-1064T is to be used to determine the 
appropriate size limiter to be installed for specific gases and ranges. The PS- 
1064T table refers to (-001, -002,-003,-005,-006,-011) dash numbers to be 
installed. Use Part Number 909804-xxx for FC-2979 and FM-3979 series. Use Part 
Number 909805-xxx for FC-2936M , FM-3936, FC-2900M, and FM-3900M series. 


The flow rates listed in the tabular section of PS-1064T under Limiter Options 
are the maximum purge flow rates (in SLPM) for the different flow limiter dash 
numbers. 


NOTE: Do NOT use conversion factors to N> equivalent when using this table. Take 
the range and gas as stated. 


Convert all ranges to SLPM equivalent. If SCCM divide by 1,000. 
e.g. 500 SCCM becomes 0.5 SLPM, 10,000 SCCM becomes 10.0 SLPM 


There are three multiplication factors to size the purge. SEE table below: 


Flow in SCCM 0 to 1,000 1,001 to 1,700 1,701 to up 
Flow in SLPM 0 to 1.0 1.001 to 1.700 1.701 to up 
Multiply SLPM by 10 1 6 


Find the appropriate gas. 


If the Range is 0 to 1.0 SLPM: | 
Multiply the range (in SLPM) by 10 and find the column where the flow rate first 
exceeds the calculated number. The Dash number in that column is the correct 
size. 


If the Range is 1.001 to 1.700 SLPM: i 
Multiply the range (in SLPM) by 1 and find the column where the flow rate first 
exceeds 10 SLPM. The Dash number in that column is the correct size. 


If the Range is 1.701 to up: 

Multiply the range (in SLPM) by 6 and find the column where the flow rate first 
exceeds the calculated number. The Dash number in that column is the correct 
size. 


PS-10641 
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Examples: 


OCEDURE 


FC-2979M 40 SCCM of HBR 

1.) 40 SCCM = 0.04 SLPM of Hbr 

2.) 0.04 x 10 = 0.4 SLPM 

3.) 0.4 SLPM is smaller than 1.12 SLPM in column 1 
4.) use part number 909804-001 


FC-2979M 1.5 SLPM of HBR 

1.) 1.5 x 1 =1.5 

2.) 11.464 in column 5 is the first value greater than 
3.) use part number 909804-005 


FC-2900M 5.0 SLPM of Ar 
1.) 5.0 x 6 = 30 SLPM 


3.) use part number 909805-011 


10 SLPM 


2.) 101.978 in column 7 is the largest greater than 30.0 SLPM 
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4.0 CONVERSION TABLE 


PSI (LBS/IN?) X 51.7149 mmHg (O'C) 


mmHg @ O'C X 0.0193368 = INCHES OF Hg 


PSI (LBS/IN?) X 2.03602 = INCHES OF Hg 


Hg X (0.491154) = LBS/SQ INCHES (PSI) 


14.696 PSI 


STD PRESSURE IN ABSOLUTE UNIT 


(ATMOSPHERE) 760 mmHg = 29.92 IN. OF MERCURY 
ATMOSPHERIC PRESSURE (SEA LEVEL, O'C) = ONE ATMOSPHERE 

INCHES OF H20 (4'C) x 0.03612628 - LBS/SQ INCH (PSI) 

CUBIC FEET PER HOUR x 0.4719342 - LITERS PER MINUTE 

CUBIC FEET PER MINUTE x 28.316052 = LITERS PER MINUTE (1pm) 
SLPM (LITERS/MIN.) x 0.0353157 = cfm 

CUBIC CENTIMETER x 0.001 - LITERS 

LITERS x 1000 = CUBIC CENTIMETERS 

CUBIC FEET/MINUTE x 60 = CUBIC FEET/HOUR 


C? 5/9 (F-32?) 


F° = 9/5C? + 32 

1 TORR = 1 mmHg @ O°C = 0.0013157895 ATMOSPHERE 
1 TORR x 0.0193368 = PSI 

PSI x 51.7149 = TORR OF mmHg 


LB/HOUR x 6.0533 = L/MINUTE 


DOCUMENT NUMBER PS-10641 [REVISION в | 
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VALUES FOR THE MOLECULAR CORRECTION FACTOR 


N 
MONOTAMIC GASES 1202 
(e.g. ARGON, HELIUM, XENON) 
DIATOMIC GASES 1.00 
(e.g. CARBON MONOXIDE, NITROGEN, OXYGEN, NITRIC OXIDE) 
TRIAMTOMIC GASES 0.94 
(e.g. CARBON DIOXIDE, NITROUS OXIDE, SULFUR DIOXIDE) 
POLYATOMIC GASES 0.88 
(e.g. AMMONIA, ARSINE, DIBORANE, ETHANE, METHANE, PHOSPHINE) 
NOTE: STANDARD PRESSURE IS DEFINED AS 760mmHg (14.7 PSIG). 
STANDARD TEMPERATURE IS DEFINED AS O'C. 
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SHEET 12 OF 16 
FORM NO. 5220-02 REV. C 


lan Genera! 


PROCEDURE 


5.0 APPLICABLE DOCUMENTS 


5.1 PS-1033, CALIBRATION PROCEDURE FOR MFC'S & МЕМ 
PS-1183, BYPASS SELECTION CHARTS 


5.2 SOURCES OF DATA 

1. MATHESON GAS DATA BOOK; BRAKER, WILLIAM & MOSSMAN, ALLENL.; 6th 
EDITION 1980 

2. JANAF THERMOCHEMICAL TABLES; CHASE, M.W., et.at.; 3rd EDITION, 
1985 

3. LANGE’S HANDBOOK OF CHEMISTRY; 13TH EDITION; DEAN, JOHN A., McGRAW 
HILL, 1985 

4. TOULOUKIAN, Y.S. et.al.; VISCOSITY, NONMETALLIC LIQUIDS & GASES, 


5 
6. TOULOUKIAN, Y.S. et. al.; THERMAL CONDUCTIVITY, NONMETALLIC 
LIQUIDS & GASES, IFI/PHENUM DATA CORP., 1975 
7. CHEMICAL RESISTANCE CHART, DUPONT, E-88462 
8. FLUID RISTANCE OF VITON, DUPONT 2/89, E-52084-2 
9. FLUID COMPATABILITY OF GREENE, TWEED CHEMRAZ 
10. GASK-O-SEAL HANDBOOK, PARKER SEAL GROUP, 1986 
11. TECHNICAL INFORMATION FOR THE SEMICONDUCTOR INDUSTRY, DuPONT, 
KALREZ DATE UNKNOWN, E-86438 
12. KALREZ CHEMICAL RESISTANCE & FLUID COMPATIBILITY, DuPONT, 9/93, 
E-42-789-2 
13. VITON ENGINEERING PROPERTIES MANUAL, CHAPTER 2 
14. CALCULATED FROM EXPERIMENTAL DATA 


IFI/PLENUM DATA CORP., 1975 
. HANDBOOK OF CHEMISTRY & PHYSIS; 70TH EDITION; CRC PRESS, 1989-90 
15. SCHUMACHER TRANS-LC DATA SHEETS 
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DISTRIBUTION INSTRUCTIONS: | 
1. Р5-1064І (INSTRUCTIONS) TO CONTROLLED STATION MANUALS. 
2. Р5-1064Т (GAS CONVERSION TABLE) DOCUMENT CONTROL TO DUPLICATE AS 


REQUIRED ON APPROPRIATE CLEAN ROOM COLORED PAPER. MASS DUPLICATION 
WITHOUT DISTRIBUTION IS PERMITED. 


3. 1 COPY OF PS1064T ON APPROPRIATE COLOR PAPER TO BE DISTRIBUTED WITH 
EACH PS1064I 
4. 1 ADDITIONAL COPY WILL BE POSTED ON VISIBLE WALL IN EACH CLEAN ROOM 


WITH CURRENT STATUS CONTROLLED BY COLOR TABLE BELOW. 


UPDATES TO PS1064T (TABLE) WILL NOT REQUIRE UPDATE TO PS1064I 
(INSTRUCTIONS). 


COLOR SEQUENCE: 


[REVISION [COLOR | REVISION | | согов 


M pm [єє [к — |] 
со - NOT USED ë AJ  [|YELLOW 

P — (еко [AK [GREEN | 
[g — — — — [sung — — [Ab р 
[ER — — — —]emk Гам [ик 0 
GREEN 

PINK 

и  — рем ë [AR Е | 
AU 
YELLOW 
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PRESSURE OPERATIONS 
(ALL GAS RANGES ARE RELATIVE TO N2) 


7.0 
FC-2900 | 10 SCCM - 9.99 SLPM 10 - 40 PSI 
10 SLPM - 30 SLPM 15 - 40 PSI 
FC-2979 | 10 SCCM - 9.99 SLPM 10 - 40 PSI 
10 SLPM - 20 SLPM 15 - 40 PSI 
ЕС-2930 | 10 SCCM - 9.99 SLPM 10 - 40 PSI 
10 SLPM - 30 SLPM 15 - 40 PSI 
VC-4900 SCCM - 9.99 SLPM 10 - 40 PSI* *Unless Specified 
SLEM - 30 SLPM . 15 - 40 PSI* by the customer. 


VC-4979 SCCM - 9.99 SLPM 10 - 40 PSI* *Unless Specified 
SLPM - 30 SLPM 15 = 40 PSI* by the customer. 


FC-2950 SCCM - 9.99 SLPM 10 - 40 PSI* 
SLPM- 20 SLPM 15 - 40 PSI* *Unless Specified 
.1 SLPM - 30 SLPM 30 - 60 PSI* by the customer. 


FC-2960 | 50 SCCM - 9.99 SLPM 10 - 40 PSI* *Unless Specified 
10 SLPM - 20 SLPM 15 - 40 PSI* by the customer 


TEL OPERATING PRESSURE 


FC-2936 MO 5 SCCM - 5.9 SLPM 7 - 40 PSID 

6 SLPM - 20 SLPM 14 - 40 PSID 

21 SLPM - 30 SLPM 21 = 30 PSID - 
FC-2936 MC 5 SCCM - 5.9 SLPM 7 - 40 PSID 

6 SLPM - 20 SLPM 14 - 40 PSID 

21 SLPM - 30 SLPM 21 = 30 PSID 
FM-3936 5 SCCM - 5.9 SLPM 7 - 40 PSID 
ШЕ 6 SLPM - 20 SLPM 14 - 40 PSID 

21 SLPM - 30 SLPM 21 — 30 PSID* 


*Tylan General guideline for 21-30 SLPM (14 - 40 PSID) 


DOCUMENT NUMBER 55-10641 [кетон в | 


FORM NO. 5220-02 REV. С 


Z/2n Genere 


PROCEDURE 


SPECIAL GASES 
{MOST COMMONLY USED) 


NOTE: IF OTHER GASES ARE USED, OTHER THAN THE LIST ABOVE, PLEASE REFER TO 
PS-1064T. 
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CORRECTED: DENSITY, STD CAL PRESS /ADD: HEAT 
CP/DELETED: DUPLICATE GAS DATA/INCORP. ЕЈ 
CHG'S 
LW-[INHAL БЕЕАБЕ СЕН | зао: | вз | 
[рысы — | тат | R/O | пите | 


DOCUMENT TITLE: 
GAS CONVERSION FACTOR TABLE 


ORIGINATOR DOCUMENT NUMBER | REVISION | 
MICHAEL RAYCRAFT PS-1064T OORO = 


TICE OF P! 1 Ү PROPERTY 
THE INFORMATION CONTAINED HEREIN IS THE PROPERTY OF TYLAN GENERAL, INC. THE POSSESSOR AGREES TO MAINTAIN THIS 
INFORMATION IN CONFIDENCE, NOT TO REPRODUCE, COPY, REVEAL OR PUBLISH IT IN WHOLE OR IN PART. 


© 1996, COPYRIGHT BY TYLAN GENERAL, INC. 
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RECOMMENDED PROCEDURES 
TO AVOID CONTAMINATION OF 
HIGHLY REACTIVE GAS SYSTEMS 


(Technical Bulletin 8901) 
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Technical Bulletin No. 8901 


Recommended Procedures to Avoid 
Contamination of Highly Reactive 


Gas Systems 


——————————— se 


Gas systems for silane and other highly reactive gases are 
extremely vulnerable to contamination. When oxygen, 
water vapor or other gases combine with highly reactive 
molecules, solid contaminants, such as silicon dioxide, form 
in the system and can cause numerous problems with 
measurement and control equipment. These particles can be 
transported in sub-micron sizes that pass through filters, or, 
can be formed by reactions in the plumbing downstream of 
the filter. Although proper use of filters reduces 
contamination, this potential problem exists throughout the 
entire system. : 


The three primary causes of contamination are leaks, impure 
purge gases, and improper purging procedures. These 
problems and their solutions are discussed below. 


Leaks 

Plumbing leaks cannot be tolerated in a pure gas system. It 
is commonly believed that if a gas line pressure is above 
that of the ambient, the surrounding atmosphere will be 
prevented from entering the system. However, for any flow 
through an orifice or leak path, back diffusion from the 
surrounding gas (air) takes place into the gas stream. The 
system can then become contaminated with oxygen or 
moisture. THEREFORE, AVOID ALL LEAKS. Check the 
system when new, after replacing any equipment in the 
plumbing circuit, and on a periodic schedule. A leak 
detector capable of detecting-leaks in the range of less than 
1x10? atm cc/sec of helium, is recommended. 


Impure Purging Gases 

Before and after a highly reactive gas system has been 
exposed to air, it is necessary to purge the system with an 
inert gas, ie. N, or Ar with less than 10 ppm O, and water 
vapor. 


PURGING IS NOT NECESSARY, NOR IS IT 
RECOMMENDED, AT ANY OTHER TIME 


Each time a transition is made from purge gas to process gas 
or process gas to purge gas, there is mixing of the two gases 
throughout the plumbing; any oxygen or moisture in the 
purge gas reacts and can be left behind as contamination. 
The practice of purging process lines between runs gives 
two potential mixing events per run, and can cause a 
cumulative buildup or contamination. With leak-tight 
plumbing it is not necessary to remove process gas from the 
system. Buildup resulting from repetitive purging can be 
avoided by not purging between runs. 


In some installations process gas is fed into a reaction 
chamber that can be exposed to air, thereby causing 
oxidation of residual gas in the gas supply line. As a 
preventative measure, installation of a shutoff valve in the 
process line, close to the reaction chamber, is 
recommended. 


Proper Purge Procedure 

The most effective method for removing process gases from 
process tubing is cycle purging. Cycle purging alternates 
evacuating the gas system and pressurizing the gas system 
with an inert purge gas. This procedure causes absorbed 
molecules and trapped gases to be removed much more 
quickly than straight purging. · Contaminants trapped in 
plumbing dead space and: microcavities can communicate 
with the process stream to cause virtual leaks. Cycle purging 
helps to purge these cavities. Although the application of 
vacuum to the gas system is very effective, a similar 
procedure can be adapted for atmospheric systems. 
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Vacuum Systems 

Figure 1 is a picture of a typical reactive gas flow controller 
installation. To initiate purge procedure, close Valves 2 and 
3, and open Valve 1. Evacuate the line to base pressure. 
Close Valve 1 and open Valve 3 for one or two minutes to 
pressurize the controller with purge gas. Close Valve 3 and 
open Valve 1 to evacuate the controller back down to base 
pressure. Repeat the alternating application of evacuation 
and pressurization at least 20 times. When removing the 
flow controller, pressurize it with the purge gas and then 
close all 3 valves. 


Atmospheric Systems 

Although a vacuum pump is highly desirable, a similar 
procedure can be performed without a pump. An aspirator 
powered by a high rate of purge gas flow to exhaust can be 
used to create a subatmospheric pressure in the plumbing 
system. If an aspirator is not available, cycling between 
atmospheric pressure and purge gas line pressure is better 
than simply flowing purge gas. Pressurize and depressurize 
the controller for about 5 minutes, and repeat the procedure 
at least 40 times, rather than the 20 used for vacuum 
systems. 


CAUTION 
When highly reactive gases are being evacuated by pumping, the pump should contain a nitrogen blanket above the oil level to 


dilute the gases and prevent air from being absorbed into the pump. Take extreme precautions to dispose of any unreacted 
process gas. 


CONSULT YOUR PLANT SAFETY ENGINEER. 


| =s = <<) __ REACTIVE GAS 


PURGE GAS 


Highly Reactive Gas System 
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FC-2900 Series Autozero Feature 


(Technical Bulletin 8906) 


39 


W Wan Genere 


This page was intentionally left blank. 


40 


| 19 
| 


Wan General 


Technical Bulletin No. 8906 


OVERVIEW 

An automatic re-zeroing circuit is a standard feature on all 
FC-2900 series mass flow controllers. FC-2900 autozero 
helps compensate for small changes in electronic 
components and the environment which result in calibration 
changes commonly referred to as “drift.” 


In most applications, FC-2900 autozero will operate 
automatically with no change in the plumbing or control 
system of the process tool.: The only requirement is that 
there is no gas flowing through the MFC during the autozero 
procedure. Because this action also ensures that the MFC 
will start without overshoot when gas flow begins, it does 
not represent an additional control requirement. 


WHY AUTOZERO IS USEFUL 


Tylan General has developed the most stable flow sensor 
technology currently available in the marketplace. Our 
products routinely come out on top in competitive 
evaluations of MFC stability, Nevertheless, no sensor is 
absolutely stable. In critical applications, even a few tenths 
of a percent drift between MFC recalibrations may be 
objectionable. 


FC-2900 autozero adds one more level of stability 
enhancement to answer this requirement. -In less demanding 
applications, using a FC-2900 series MFC may still improve 
process control due to the more consistent, repeatable flows 
they produce. Users may also find that equipment stays in 
spec longer so that downtime for recalibration is reduced. 


FC-2900 autozeroing also cancels out several small 
environmental effects on the MFC. Like all Tylan General 
MFCs, the FC-2900s can be considered essentially 
insensitive to mounting attitude, exhibiting a zero shift of 
less than 0.1 percent with any change in mounting position. 
Even these small changes can be cancelled out with FC- 
2900 auto-zero, which will resolve errors as small as 0.05%. 


FC-2900 Series Autozero Feature 
What it is 

How it works 
How to use it 


FC-2900 MFCs also have enhanced temperature stability 
which, by itself, reduces the effects of ambient temperature 
change. A 10 degree Celsius change in ambient temperature 
will affect MFC zero less than 0.5%. FC-2900 autozero can 
cancel this residual effect as well. 


WHAT AUTOZERO CANNOT DO 

МЕС сап be affected in ways which change their full-scale 
sensitivity, or span calibration, independently from zero 
calibration. An example of -such a phenomenon is 
contamination or corrosion of the internal components of 
the MFC. FC-2900 autozero cannot completely compensate 
for these effects because they do not necessarily involve any 
zero error. Fortunately, in the FC-2900 series, most span 
effects have been stabilized or compensated. FC-2900 
autozero provides significant improvements in- the 
remaining zero effects which by their nature are larger in 
magnitude. 


HOW IT WORKS 

In normal operation the electrical output of the mass 
flowmeter which is a part of every MFC will slowly drift 
away from its calibrated setting. After some time, this 
output will no longer be zero volts under no-flow 
conditions. When this happens, the entire calibration of the 


-MFC is shifted by a constant inversely equivalent to the shift 
“іп the zero point. For example, if the flowmeter zero were 


to drift high by 1% (50 mV) a setpoint of 50% would 
produce a 49% flow. Adjusting the flowmeter back to a 
zero output in the absence of flow shifts the entire range 
back into calibration. FC-2900 autozero performs these 
corrections automaticallycally, without the need for 
removing the cover and manually adjusting the zero 
potentiometer. 


FC-2900 autozeroing is an intermittent process which is 
triggered by the equipment process control system under 
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conditions where there should be no gas flow through the 
МЕС. The process starts after the setpoint to the MFC has 
been commanded to less than 1% for 80 seconds or more. 
The actual zeroing process takes about 2-1/2 seconds and 
repeats itself every 80 seconds as long as the triggering 
condition continues to be met. This continuous re-zeroing 
prevents drift in the zero point over long idle periods. In 
short-cycle processes where a gas loop may not be inactive 
for the 80 or 90 seconds which autozero requires, 
autozeroing may only occur at some interruption in the 
process cycle such as during the changing of cassettes. 


The FC-2900 autozero circuit looks at any net error which 
remains in the zero signal after previous corrections and 
creates a correction voltage which, when fed back to the 
flowmeter, cancels the error. The magnitude of this 
correction voltage is stored as a digital number. As the 
correction is stored digitally, it does not drift or change with 
time as would an analog value stored in a capacitor. 


FC-2900 autozero has a total correction range of 5% or 
+2.5% with a resolution of 20.0596. This correction is non- 
cumulative. It-cannot.offset the.real or “natural” zero of the 
MFC by more than 5%. Successive zero corrections cannot 
accumulate. 


This correction range is intentionally restricted. The flow 
sensor in the FC-2900 is very stable by design and zero 
errors which fall outside the correction range can indicate a 
damaged MFC. Apparent zero errors caused by shutoff 
valve leaks will often be greater in magnitude than the 
correction range and are thereby also more readily 
detectable by the process control system. 


FC-2900 AUTOZERO MEMORY 

Because the autozero correction voltage is stored digitally in 
active memory, conventional autozero circuits can be 
vulnerable to power interruptions. During a brief power 
interruption, after which processing is expected to resume, 
the correction value is lost. The MFC will recover to some 
nominal zero value which could be several percent different 
from what was in effect immediately before the interruption. 
This new zero value translates into a virtual calibration shift 
upon resumption of flow. This shift is invisible to the 
process control system. The result can be needlessly 
scrapped product. 


FC-2900 autozero solves this problem by storing the 
memory value in non-volatile EEROM. Upon power-up, 
the value in EEROM is transferred to the active autozero 
circuit. 
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Momentarily connecting Pin K to common stores the 
current autozero offset in non-volatile memory. For 
maximum benefit EEROM memory should by updated in 
this way on a periodic basis. 


CAUTION: PIN K IS DESIGNATED PIN 1 ON UNIT 
INSTRUMENT PRODUCTS. SEE NOTE BELOW. 


ENSURING NO FLOW WHEN 
AUTOZEROING 


When adjusting the no-flow or zero indication of a mass 
flow controller one should be quite certain that there is no 
gas flowing through the device. The FC-2900 is very 
sensitive and may respond to room air currents if operated 
on a service bench without end caps. In a gas system, 
shutoff valves in series with the MFC should be used to 
ensure that gas does not flow when the gas loop is off. 


Even in the presence of both up and downstream shutoff 
valves, it is possible for gas to flow through the MFC for 
some time after the shutoff valves have been closed. Gas 
can flow as long as there is a pressure difference across the 
MFC. This is an especially common problem in vacuum 
systems where flow rates are low.. Some variation of the 
following control sequence can help in these cases: 


1. Close the upstream gas valve and set the MFC for 
its maximum flow rate. Pump the MFC and its 
plumbing to vacuum. 


2. When evacuation of the system has been confirmed 
by measuring a very low flow value for- some 
period of time, close the downstream shutoff valve. 
Wait again to ensure that any remaining pressure 
differential across the MFC has had the opportunity 
to discharge. Any non-zero reading from the MFC 
flow output at this point should be due to zero error 
or shutoff valve leakage. 


3. Initiate the autozero process by taking the MFC 
setpoint to zero or by connecting pin L.to common. 
The control valve will close. If no shutoff valve 
leakage exists, the flow -output reading should not 
change. The FC-2900 will recompute its zero 
setting after 80 seconds. 


The normal rate of zero drift is low enough that run-to-run 
zeroing is not required in most cases. Consequently, the 
above sequence can be run as part of a regular weekly 
maintenance routine. Autozero memory can be updated as 
part of the same procedure. As noted below, autozero 
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operation which would normally take place at other times 
can be inhibited by using Pin J. 


No mass flow controller, including the FC-2900, should be 
absolutely relied upon to be a positive shut off device. The 
FC-2900 control valve with elastomeric poppet has been 
tested to shut off positively after over a million operations. 
Nevertheless, there are fundamental differences in the 
design of proportional contro] valves and shutoff valves 
such as those manufactured by Nupro, Parker or Fujikin. 


The forces available to hold the valve poppet closed against 
the seat of a proportional control valve are much lower than 
those in a shutoff valve. The possibility that small leaks will 
develop as the valve materials age cannot be discounted. 
The direct effect of such a leak in the process may be 
undetectable. It may be their effect on the autozeroing 
process that brings them to attention. Consequently, 
autozeroing conditions should not rely on the seal of the 
МЕС control valve for-maximum system robustness and 
reliability. 


CONFIRMING AUTOZERO 
OPERATION ` 


When the MFC actually autozeros, connector Pin J goes 
high. This state lasts approximately 2.5 seconds. This 
signal can be used to alert a process controller that the MFC 


is autozeroing or it can be tied into an LED, giving a visual 
display of MFC autozeroing. It should be noted that Pin J 
functions as both an input and an output. Connecting the 
pin to common will inhibit autozero updating as discussed 
below. 


Figure 1 shows the output configuration on Pin J and an 
example of how to drive an LED which will illuminate 
while the controller is autozeroing. Note that the pin will 
not source enough current in the high state to drive an LED 
directly. Within the FC-2900, Pin J is pulled up to +5V 
through 10k. It is normally driven to common by a 
transistor. During the autozeroing process the transistor 
turns off. The transistor will sink 500 mA. Pin J must reach 
at least 2.8V for the autozeroing process to proceed. 


CAUTION: PIN J IS DESIGNATED PIN H ON UNIT 
INSTRUMENT PRODUCTS. SEE NOTE BELOW. 


DISABLING FC-2900 AUTOZERO 

There may be circumstances in which the user does not want 
autozero operation. Two different methods of disabling the 
autozero are available in the FC-2900. The zero correction 
output of the autozero circuit may be disconnected from the 
flowmeter circuit by removing PC board jumper J2. 
Removing this jumper disables the effect of the ~autozero 
circuit and permits the uncorrected “natural zero” of the 
flowmeter to be observed and adjusted if desired. 


MNL-074 
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Connecting Pin J to common disables autozero updating. 
The current correction value stored will still be used to 
zero the МЕС, but will not be recomputed under ordinary 
tiggering conditions. This feature can be used to bring 
autozeroing under additional user control. For example, it 
may be desirable to re-zero only at routine maintenance 
intervals where some special condition can be set up. Such 
a condition might involve the closing of manual valves or 


the complete evacuation of the gas system to ensure that a 
no-flow condition exists when zero is recomputed. By 
linking this pin to a switch on an air actuated valve, the 
user can also prevent the MFC from autozeroing if the 
valve sticks open. 


CAUTION: PIN J IS DESIGNATED PIN H ON UNIT 
INSTRUMENT PRODUCTS. SEE NOTE BELOW. 


CAUTION 
THE SAME MFC PINS ARE NOT DESIGNATED THE SAME WAY 
BY ALL MANUFACTURERS 


The 10 position bifurcated edge connector originally introduced by Tylan General and currently used on many mass flow 
products references pins by numbers along one edge and letters along the other. Tylan General, following the common 
practice of connector manufacturers, does not use the letters “G” and "T" in its pinout designations because they are too 
easily confused with “6” and “1” when molded almost illegibly into a plastic connector. Another manufacturer, Unit 
Instruments, does not follow this procedure. This can lead to confusion. The system is as follows: 


Numbered side of connector: 1 2 3 4 5 6 7 8 9 10 
Lettered side of connector: . 
Industry Standard (Tylan General): A B C D E 


F H J 
Unit Instruments: A B C D E F G H 


The difference is in the last four positions on the lettered side. The functions commonly found on these pins are as 
follows: 


Tylan Unit 
Function Pin Pin Function 
Keyway H G Keyway 
Autozero output/disable J H none 
Autozero memory store K I none 
Valve off/Autozero Trigger L J Valve off 


As can be seen, the pin letters may be different but the same functions appear in the same position. The Tylan General 
FC-2900 can therefore be used with confidence to upgrade a Unit flow controller, although the advanced autozero feature 
pins found on the FC-2900 will not necessarily be available in the Unit cable as-wired. 
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18617 Broadwick St, Rancho Dominguez, СА 90220 Tel: (310) 605-4437 Fax: (310) 885-4668 


CERTIFICATE OF NON-HAZARDOUS CONTAMINATION 


Return Acceptance Policy 
In accordance with California Hazard Communication Regulation (General Industry Safety Orders Sec. 
5194 Title 8, California Code CCR Title 22, California Hazardous Substances Information and Training 
Law and Department of Transportation requirements) Tylan General requires this Certificate of Non- 
Hazardous Contamination to be completed for all products received for service or repair. Complete and 
affix to the outside of the shipping container. 


This form must be completed by a person with knowledge of all types of processes in which the equipment 
has been used. Non-completion of this form will cause delays and possible rejection of your equipment. 


Model Serial Number 


Has the equipment been used? Y N If Yes, go to section 2 
If No, go to section 6 


List all substances, gases or by-products which have come in contact with the equipment. 


Chemical/Substance: 


If Yes, go to section 3 
If no, go to section 4. 


Please attach all required Material Safety Data Sheets (MSDS) for all substances listed in Sec.2. Exposed 
equipment cannot be transported without the above safety information. Please contact your carrier for 
more specific instructions. 


The undersigned certifies that the composition of residue on the equipment listed above is of a non- 
hazardous nature and/or that the equipment has been purged or flushed on-site. All exposed equipment 
will be cleaned. Tylan General reserves the right to reject any equipment based on contamination resulting 
from exposure to severely toxic substances. 


Signed: 
Print Name: 
Title: 
Company: 
Telephone: 


Date of Signature: 


FORM 5238, REV. C 
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Printed іп the U.S.A. 


Tel: 


Millipore Corporation 
Microelectronics Division 

915 Enterprise Blvd. 

Allen, Texas 75013 
1-800-MILLIPORE (645-5476) Fax: 


1-972-359-4001 


908609-001, Rev R 
Е.О. #04021 


